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“A veling & Porter, Ltd., 
RoonesTEer, Kent, 
and 72, Canwon STREET, Lonpon. 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS 

CBMENT-MAKING MACHINERY. 6080 


‘e G Martera, | Pic 


CULVER STREET WORKS, COLCHESTER. 
Os ADMIRALTY. aNp Wark Orrice Lists. 
ENGINES for Torpedo. Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 24, last week. 

PATENT WATHER-TUBE BOILERS, 
AUTOMATIC ‘FBED REGULATORS: 


And Auxiliary Machinery as supplied to - on 
Admiralty. 2179 


"l\orpedo. Boat Destroyers. 
Brown-Curtis Turbines up to 40,000 LHP, 
JOHN SAMUEL WHITH & COMPANY, Lrp., 
Shipbuilders and Engineers, 5758 
Bast Cowes, I.W 


See’ S Hydro Paeumatie ASH Ljector. 
Great saving of labour. No noise, No dust. No 
dirt. Ashes dij rged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT eI PROCTOR, Lrp., Naval Arehi- 
tects and Da 43, Billiter Bldgs. is eg St., 


London, 


Petter Qt Epanes- 


Manufactured by 


PETTERS Limrrep, Engineers, Yeovil. 
See our Hhistrated Advt. every alternate week, 


(‘raig & Donald, Ltd., Machine 
TOOL MAKERS, Jounstons&, near Glasgow. 

For class of Machine Tools see our Illustrated 
Ade ertisement every me week. 1358 




















Sheet 

write 

S gn ENGINEERING & FORGE CO 
. WELLINGTON STREET, GLAsGcow. 





team Hammers (with or 
’ without guides), Hand-worked or self-actin, 
* LS for SHE 


PBUILLDERS & a ag oc . 
DA\ IS & PRIMROSE, Luerren, Leirs, Epinsuren. 
GLascow Rotiine Stocx asp Prawr Works. 


Tr 
4 
} | urst, Nelson & Co.,. Ltd:, 
Bulldersot RAILWAY CARRIAGBS, WAGONS 
ELECTRIC CARSand EVERY OTHER DESCRIPTION OF 
RAILWAY axp TRAMWAY ROLLING STOCK. 
Makers of Wirerns and Axies, Rarpway PLant. 
Po: HG, Situ Work, leon anp Brass CastTinas. 
Registered Office and Chief Works: Motherwell, 
Cc ff Office : Gordon Chambers, 31, Queen Street, 
London Offiee: 14, Leadenhall Street, B.C. 
Se ustrated Advt. in alternate issues. Oa: 


R rett’s Patent ] piter (c. 
| be 
B 








ammers, Presses, Furnaces, 
COVENTRY. 610 


ver, Dorling & Co., Ltd., 


BRADFORD 
Hl -GLASS ENGINES FOR ALL PURPOSES, 
also WINDING, HAULING, AIR COMPRESSING 
; 1896 
( ‘ 





and PUMPING ENGINES. 


anes —Electric, Steam, 


wba?) a — HAND, 
bones "RUSSELL £ CO.; 
4 Motherwell, near Glasgow.’ 
pthe Glasgow Kailway 
Eng eerin Com an 
penne p anys 


London et — Steet, 8. wi? 


Lrp., 





RAILWAY CARRIAGE. WAGON & TRAMWA 
WHEELS & AXLES. ss 
ware & WAGON IRONWORK, also 
enone AXLE BOXES. 


wat 


waft "he 








00 








diosa Steel Tu Tubes 








Met Qtam) in, 8 or aut 


Farrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 

GLASGOW ‘(formerly of Pori.ar, Loxpon). 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR 8C REW STRAMERS OF 

Exceptional Shallow Draught 
VBSSELS PROPELLED BY weir 

Ml 875i! 

Turbines or vehuinrns 


Internal Combustion Engines. 


(ampbells & Heute, | ioe 


SPRCIALISTS IN 

Drillers & Boring «Machinery 

for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 


y achts, Launches or Barges 

Built deikplabe with Steam, Oil ot Petro) 
Motors; or Machinery suppliéd, Od 551 
VOSPER & CO., Lrp. +BRoap STREET, PortsMou rH, 


ank Locomotives 
Specification and Workmanship equal to 
Main Line Locomotives. 
R, & W. HAWTHORN, LESLIE & CO., Lrp., 
ENGINEERS, Newe ASTLE-ON-TYNE. _ 5699 


MULTITUBULAR AND 
(Cochran CROSS-TUBE TYPES. 
See page v6. 


Gece 





47 








5734 


\ranes.—Steam 4 and Electric. 


STEAM NAVVIES, GRAB CRANES, 
SHIPS — MACHINERY. 


,j ohn H. 1 Reg 


Dock Roap, BIRKENHEAD. 
London Office :—16, Victoria Street, 8.W. 


he Norman Thompson 
Plight Co., Ltd. erp. 1900, 


OCorTracrors TO THE ADMIRALTY. 
“THE FIRM WHO GAVE THE FLYING BOAT 
TO THB NAVY:” 
ALL BRITISH BUILT. 








6399 
Works :—Mpp.eron, Boenor, Bxeiaxp. 
London Office:—Drewar Hovseé, 11, Haymarket. 

Telegrams—* Soaring, Bognor.” Telephones— Bognor 48. 
“Bntifiyte, Charles, London.” Gerrard 7385 


4 . 
“Gripoly’ 
MACHINE BELTING 
Drivizg 


(jonveying 


fi levating 








SoLe MANUFACTURERS 


Lewis & T'ylor, Ltd., 


JULY 13, 
yles Limited, 


RY ENGIN —— a Tehes. MANCHESTER, 
FEED WATER HEATERS, 

CALORIFIBRS! EVAPORATORS, 
CONDENSERS, AIR IiKATERS, 
STEAM axp GAS KETTLE 
Merrill's Patent apes ae NERS “for Pomp 


SYPHONIA STHAM TRAPS, “REDUCING VALVES 
High-Class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING, 5723 


Row's 
PATENTS. 


2's arrow Patent 
W ater-Lube oilers. 


4985 

Messrs, YARROW & CO., UNDERTAKE the 

PRESSING and MACHINING. of the various s 

of Yarrow Boilers, such as the Steam Drums iter 

Pockets, and Superheaters for British and Poreiga 

Firms not having the necessary facilities. : 
YARROW & CO., Lep., Scorsroux, GLaseow. 








I[rubes, Iron and Steel. : 

Edwin Lewis & Sons, Ltd., 

Wolverhampton. se 
[tubes and JVittings,. 
IRON AND STEEL. 


— and J loyds, Fo 
OSWALD ST., GLASGOW. 
BROAD STREBT CHAMBERS, BIRMINGHAM; 
and. LONDON OFFICB— 

WixcHesteR House, OLp Broap Srreet, B.C. 
LONDON WAREHOUSE-167, Upr.TaamesSr., B.C. 
LIVERPOOL WAREHOUS#—63, Parapise Sr. 
MANCHESTER WAREHOUSE—&, Deanscatn. 
CARDIFF WAREHOUSE—132, Bure Sr. 
BIRMINGHAM WAREHOUSKES—Nite Srreer, 

SHeepscore STREET, and 10, COLESHILL STREET. 
See Advertisement page 28. 5701 


Meehine Tools in Stock :— 


Vertical DRILLS to = 18 in., 26 in, 
and 36 in, diameter. Bolt Sc MACHINES, 
jot in. centre eer Shafting TA HE. Second- 

nd PLANER, 25 6 ft. by 6 ft. 

JAMES SPE CER & CO., Lrp., 4360 

Chamber Ir Iron Works, Hi Hollinwood, ‘Manchester. — 


Fo Sale, Root’s Blowers. 


7 in, and 5 in. 
All with ring oiling bearings, fast and loose 
pulleys. 
For soaeee We is posal, 
H. H. KING & CO., Lrp., Engineers, Tote 


fe, Glos. 
~_-| Gbaine, Small Sizes Electri- 
Welded, suitable for mines, pulley 


neering purposes. Also 
sa ay teas oa 
aul, dle and keg emt SH 
R. Heber Radford, Son hs 


ENGINEERING, IRON ap Strreex Works. 


Established} Valuers, [over 50 yeas. 


ConsuLtTing Enxeineers, REFERERS, ARBITRATORS 
anp Parent AGrnts. (Senior Partner, R. HEBER 
RapForp, Mem, Inst. ae ngs snpseet, Mem, 
Inst. Naval Architects, Mem. Iron apd Steel 
Inst.. Fellow Chartered Institute of Patent Agents. 

15, St, James Row, SHEFFIELD, 5545 
Telegrams : ‘* Radford, i, Sheffield,” ” Telephone : 425. 














john ellumy J imited; 


MILLWALL, LONDON, B. 
GesaRaL ConsPRUCTioNAL ENGINEERS. -12)6 


Boilers,Tanks & Mooring Buoys 
Srinus, Perron Tanks, Arn Reckivens, STERL 
CHIMNEYS, 


Pipes, Sprcta, Work, Reramms oF 


ALL KINDS. 


CARRIAGES, BLHCTRIC OX RS, Ke. 


Lest Nelson & (, if td. 


ray Giaseow RoLuixeG Brock AND PLANT Wouks, ? 
MoTHERWELL. Od 8883 


Matthew paul & (-, LL 


Levenrorn Works, Dumbarton. gos 
See Full Page Advt., page 68, June 29. 


[Tead, rightson & 
H.W Ce 


Hopprnrs, 

















ailway 
G witches and 


rossings. 


T. SUMMERSON & SONS, LIMITED, 
DARLINGTON. 3440 


(jenerating Sets, Two 375 © 


~ Kw., triple expansion engines, 440/550 , volts 
u, 
One 275 Kw. Phy pet ae nn, A.C. three 
PSEKMATOR: 200 Ke, compound, 500 volts. 














A ugustin - ormand 


67, rue de Perrey—LE HAVRE 
(France.) 





3390 
Destroyers, Torpedo Boats, Yachts and Fast Boats, 


Rubber 


Valves and Packings 





Mubes and Fittings. 
The Scottish Tube Co., Ltd., 





Se ~ c 


isrminas Raspteass oo, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1j in. through the wire feed. 


JOHN MAONAB, Mary Sraeer, Hroe. 





CARDIFF. 5484 abmarine and Submersible GUTTA PERCHA & RUBBER, LIMITED. 
tania: ee oo HORMAEDS 8 Aas Weert — Coal or Oil east 3°) «> Gamelan 5018 
ste de wih gced N ew Chicago Automatics, B... & S. Massey, Le a 


Sen 





Riverrep Steam and VENTILATING - 


LIMITED, 
ss dined cis lactate 8 gana 
Taylor & Challen 
Presses. 
8195 





| 








AG: MORO Be HE: Pena tae 
3 volts, ee 
po kereeces — Maver Coulaon. 
H > =e oes SOM West Walls, Newcastle. on-Tyne, 6048 
PRESSED AIR, ‘ GOLD MEDAL-IvvErrions EXHiBITION-AWARDED, 
Bie DRY RES, Prckham s Patent Suspended 
WEIGHING MACHINES.— 
& Co., ROAD ENGINEERING WORKS COMPANY, Se re 
FIELD. 519) | Loxpoy, K,—Hydraulic Cranes, Grain mh | Mi &e. 
&W. Te Gj "See Lilus, Advt, last week, page 5508 
Mac lian, mited, : * 
P. ubber~ Stam Stencils, » 
OLUTHA WORKS, GLASGOW. preci © + » 
Manursctvnens OF Checks, “Automatie, Mumbergee sai Detent 7 
RAILWAY CARRIAGES AND WAGONS, Munition Factories, £c, = 
OF EVERY DESCRIPTION. Stencil Ink, all Colours, in Steck. 6082 
RAILWAY [RON WORK, BRIDGES, ROOFING, av. ASH RUBBER STAMP O0., Lrp., 
Chief Offices : 129, Trongate, Guascow. Od 8547 19x, Constitution Hill, Birmingham. 
Registered Offices: 1084, Oafinon St., London, B.C. | Telephone—Central 788, _‘Telegrams—"* Smpasi.” 
CHANTIEBRS & ATELIERS : MANUFACTURERS. 
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ENGINEERING, 


[Juv 13, (917. 








? 
[the Manchester Steam Users 
ASSOCIATION. 

For the Prevention of Steam Boiler Explosions and 
“for the Attainment of Econom a = —— 

of Steam, 9, eric STREET, 
Chief Kngineer : Cc. i. STROMEYER, M. L.O-8. 
Founded 1854 by Sir WfL1aAM FAIRBATRN. 
Certificates of Safety issued ander the Factory and 
Workshops Act, 1901. benign gr for Damages 
and Liabliities paid in case of Explosions. Engines 
and Boilers inspected during construction. 5884 
* In the Matter of CRBED & COMPANY, Limirep 
{and Reduced), 


In the Matter of the COMPANLES' AOTS, 1908 


and 1013. > 
otice is Hereby Given 


that a Petition presenter to as High Court 
of JInstice, Chancery Divicion on the 5th day of 
April. 1917, for confirming 4 resolution reducing 
the capital of the above-named Company from 
£130,000 to £90,000. is directed to be heard before 
His Lordship Ma. Jusrice Ever, on Tuesday, the 
24th day of July, 1917. 
AIR & CO,, 
of 7, St. Mildred’s Court, 
Poultry, E.C.2. H 245 
Solicitors for C ompany. 





rine Nieup ort & General Air. 


CRAFT ct eg Lrp., wish it to be 
known that their ONLY ADDRESS ie: LANGTON 
ROAD, CRICKLEWUOD, LONDON, N.W.2. This 
Company has no authorised agents, and all 
communications should be addressed to the 
SECRBTA RY, as above. bid 273 





({lamorgan Cor County “Council. 


SUMMER MINING ~~ AND ENGINEERING 
SCHOOL FOR SOUTH WALES COALFIELD. 


The SUMMER SCHOOL will be held daring the 
month of AUGUST, 1917; at the Technical. College, 
Swansea, and Courses will be provided in— 


} To include 
j Laboratory work, 


(1) Mining Engineering 
(2) Mechanical Engineeritg 
(3) Electrical Engineering 


Full particulars, hee gone and forms of a 
cation may be obtainec on receipt of a stam oped 
addressed foulscap envelope from the CHIE 
EDUCATION OFFICIAL, County Hall, Cardiff, 

aan 

U AUTUMN TERM BEGINS OC cok. 

FACULTY ye ENGINEERING. 
RAN— 
J. WEMYSS ANDBRSON, M.Eng., M. Inst. C.B. 

Prospectuses and full particulars of the followin 
may be obtained on application to the REGISTRA 
Bugineering, Electrical Engineering, Civil Bngi- 
neering, Naval Architecture, Marine En mg ineering, 


Engineering Design and Drawing, geration 
Mathematics, Physics, Inorganic U Bog wh G 162 


THB MANCHESTER MUNICIPAL 


tchool of Technology 
(Univarsrry or Manonnstse.) 
uate aiar” J. O. M. Garwert, M.A. (late Fellow 
of Trinity College, Cambridge). 

The SHSSION 1917-18 38 will open on 5th OUTO- 
BER. Matriculation and Entrance Bxaminations 
will be held in July and September. 

The Prospectus, forwarded free ‘on application, 

ives partioulars of the courses leadi to the 
Gioschester University degrees in the ully of 
Technology, and of the provision for Advanced 
Study an Woe in the following departments:— 

nf NICAL ENGINEBRING, 


HLROTRICAL ENGINEERING 
sage yd BNGINBBRING (including Muni- 


eert 
THE jOumifical, fepusteims mer rong 


General Chemical ology, 5B leaching, 
Dyeing and Dyotutt nufacture, 
Brewing and 


HS testy at Papermaking, 


THS a raxtile INDUSTRIBS, 
PRINTING AND PHOTOGRAPHIC TBOH- 
NOLOG 


MINING 
ARCHITHOTURR. 

Intending students may enrol for the Session 
19)7-18 from lst August, 1917. Members of the 
University under 18 _— of age ars eligible for 
membership of the O Training Corps. H1 


STRUCTURAL BNGINEERING. 
Fo Particulars of Course of 
INSTRUCTION ry CORR NDEN 
mre be -. beg ron WRSTMI INBERIN 
Old Oak Road, Acton , London, | 
‘ 2 sh Vier: ek sara $928 
enningtons. — Engineeri 
Tutors for A.M.1.C.H., A.M.I.M.H. and ALM. 
B.B. Aeronautical D: rnigiincnianip nad Dediga: 
Aero Bngines.—264, Oxford Road, Manchestvr. | 


. ‘ THE : 
niversity of Liver 











APPOINTMENTS OPEN. 


THE GOVERNMENT OF THE UNION OF 
SOUTH AFRICA is prepared to consider 


fie AP. lications for the 


APPOINTMENT of a A aby or 
and TECHNICAL ADVISER 
Industries Section, Department of Mines he 
Industries. Appointment will be o~, . Egg a. of 
three rs at a sa £2000 per 
pe at the termination of that period at at “the 
of the Nhe hg wr oo In-the event 
will willbe wenn’ ee eee was 
open un 
should contain reference to a, 
etiectene of ex and qua 


mi sclentifie know 
fee ae 
niga vis, Bugiah| "a 


te 

the of 
. SW. 

, 1917. Mise 





the 
the 


NER for 
Street, 
not later than Sist J 


WALTHAMSTOW HIGHER BDUCATION 
COMMITTES. aime - 


—_—_—— 
BNGINBERING AND TRADB ‘SCHOOL. 
Headmaster: James G, B. Epwanns, A.M.EM.B, 
The Governors of the above-named School invite 


| AP pplications for the following 
2) Hnglish Subjects and Geography. 
(t) Bxp . Mi 'Selence Sad Practical 


(b) Bx a, * 


(e) Engineeri Workshop Practice and 
Mechs pied Drawing. 
da) Woodw rock. 


(a) 
Ability to assist in Sports, Drill, &c., will be a 
recom m ation. 
Nore —For positions (c) and (a) Practical Work- 
shop experience is essential. 
Commencing salary £160'per annum. 
Appointments will date from September ist next. 
Application forms, which must he returned not 
later than 3)st July, may be obtained from 
R. DEMPSEY, 
Clerk to the Governors. 
2, Tower Chambers, Hoe Street Bridge, 
Welthapetes, E. ad 


NEWCASTLE-UPON-TYNE EDUCATION 
COMMITTEE. 


LECTURER IN BNGINEERING, 
RUTHERFORD. TECHNICAL COLLEGE. 


The Council of the College invite 


App plications for the Above 


APPOINTMENT fiom Gentlemen ineligible 
a ne from military service, and having 
Coll ning and good experience in works, 
drawing offices, and engineering laboratories. 
Preference will be given to candidates having 
experience in modern marine engineerin tice. 
The appointment is for the duration of the War, 
— the salary is £2250 to £309 per annum, auemding 

© qualification and experience. 

Applications must made on forms to be 
obtained from the undersigned, from whom further 
particulars may be obtained, on receipt of a stamped 
addressed foolscap envelope. 

Applications must be sent in not later than 2st 


July, 1917. 
PERCIVAL SHARP, 
Director of Education, 
K«iucation Office, 


Northumberland Road, 
Newoastle-upon.Tyne. 


Hi 271 


Ti 164 


PORT-OF-SPAIN CITY COUNCIL. 
POST OF cirr 1 ITY ENGINEER. 
The Port-of- Spain OW: City Council Post 


plications for the Post of 

Y ENGINEER, and ENGINEER OF 
WATER AND SEWERAGE WORKS, with which 
is associated also the general supervision of the 
a * of the Woodbrooke Estate and the 


aah The salary attached to the post is 2600 a year, 
ae annual increments of £25 a year to a 
maximum of £750; with an allowance of £75 a year, 
towards the upkeep of a motor vehicle for the 
performance of his duties. 
3. The appaiutment is subject to the approval of 
the bg 
Ph Office is cee ate meg ed the Port-of- 
_ = Cispeceaien Ordinance, 1914. 
5. Salary will commence from the date of arrival 
in Trinidad. No allowance is made in respect of 


vb. at ndidates must submit evidence of their 
corporate members of the Institution of Civil 
neers of England, and of possessing experience 
ay the designing, construction and maintenance of 
waterworks an sewerage systems. 
. Should the officer be desirous of leaving the 
‘svar of the Cor jon within five years from 
the date of his a ntment, the Council reserve to 
themselves the right to exact not less than three 
monthe’ notice in writing. 
8. The Engineer will be ny 7 to reside within 
the City or within a mile of the City, and to devote 
his whole time to the eervice of the Corporation. 

9. The fu will be uired, 

within one month of the date of his arrival in the 
Colony, to furnish a bond, with an approved surety, 
or to énter into a bond with an approved guarantee 
society, in the sum of £500 for the due performance 
of the duties of the office. 
10. The successful candidate must be prepared to 
take up the duties of his office within three months 
of the date of his receiving the official intimation 
from the Town Clerk that his appointment bas 
been approved by the Governor. 

11, Applications, accompanied by not more than 
two recent testimonials (one of which should be 
from the candidate's present employers), and 
= revious experience, her with 

a edie ert ate that the candidate is fit for 

n the West Indies, must reach the Town 

Chek Porta n, . not later than the 
ist December, 1917. 


PHILIP H. SALOMO 
Acting a Clerk. 








bit Hall, . 
‘ort-of- n, ‘ 
Trialied,’B. 119 





SOUTH WALES AND es ~ alma 
SCHOOL OF MINES 


anted, » for the Duration of 

a OS LECTURER in 

unCHANICAL “ENGINBERIN and MATHE- 

MATIOS act hee tg - Head of the 
Mechanical 1 Engineering ee gamete 

Applicants must have orkshop experience 

ining engineering ctice 

conduct ro 

a EmCTO TR in “a STRY and 

temporarily as Ilead of the 


t. 
must have had works experience and a 
chemical practice, and must 





Jee. 


know! 
work. 
On Spats poe hiveyn i military service 
Salary acon according to que to nampa omg and experience. 
a THe PARC 
mete CIPAL, 
Treforest, 





i 
South Wales. 


Candidates ust rtf ineligible for nvilitary service. | 


SOUTH Fea T MEANY. WATER WORKS 


A pclinasamee ns are lnshed for} 

the POSITION of CHIEF ENGINEER of the 
above Company. Apeneams are requested to state 
previous ex, and to send copies of testi- 
monials to the SECRETARY at the Office of the 
Company, Paradise Street, Birmingham, not later 
than 21 Det Tuly, 1917. H 190 


W colwich Polytechnic.— 


WANTED for September and for duration 
of war, with possible permanency, v3 —— of 
Engineering subjects in Daya Classes. 
Must be es = aentary service. 

arrangement experience anid 
qualifica cations. Apply. SDRIN PAL. 








M etallurgists and|s 
METALLURGICAL CHEMISTS 
(temporary) REQUIRED. 


Commencing salary £200 per annum. 


Applications, giving full particulars of qualifica- 
tions and experience to be forwarded to the 


SUPERINTENDENT OF RESEARCH, 
Royal Arsenal, 
Woolwich. 


Hi 87 


hemist. (Works), ‘used to 


C general metellurgical analysis. No weanee 

already engaged on Government werk need ap) 
—State full. particulars at your nearest ba. | = 
te PEXCHANGE, 


No. A 
Fi rst-class - Experienced 
BSTIMATOX WANTED by Government 
controlled works making large and small engines, 
repetition and general work; man with thorough 
ical knowledge of machining, fitting and 
oundries, &c., who could Organize and control a 
department dealing with rate-fixing, 
demonstration. Only men thorou 


quoting reference 
I 


Hut 





ly expe rienced 
need apply. a to duitevle man. 
State age, experience and salary required. No one 
aware 3 oorree on Government work will be 


ur nearest EMPLOYMENT 
g¥CHANGR. Oe ideeing this Journal and H 29. 


Wanted, by Controlled Firm, 


WORKS MANAGER with good all round 
knowledge of engineering trade and up-to-date 
methods. Must be six o'clock man. Give particulars 
of experience, age, and salary required. No person 
pr sg on Government work will be engaged.— 
Ad H 188, Offices of Evarvrekine. 
W anted, Superintendent 
HNGINGRER, to take charge of upkeep and 
repairs of large fleet of Steam Trawlers, and of 
Engineering and Ship Repairing & erin large! 
engaged on Admiralty work; must have g all 
round experience, and be capable to control men 
and obtain maximum cient of work. Good salary 
to really competent man. No person already en- 
gaged on Government work will be engaged.— 
Apply, with copies of recent testimonials, to your 


nearest HMPLOYMENT EXCHANGE, ma | 
No. A. 3395 


5. 
THE PUMPHERSTON OIL COMPANY, LTD. 


W anted, a Thoroughly Quali- 


FIED MANAGER, to undertake the general 
management ofa section of this Company’s mines 
and crude oil works. Applicants'must have a sound 
theoretical and practical training, with good ex- 
perience of mining work, combined with knowledge 
of mechanical and electrical engineering.—Applica- 
tions te be sent to the SECRETARY of the Com- 
pany, 135, Buchanan Street, Glasgow. H 236 











ssistant Works Manager 
WANTED immediately ; good machine 
shop experience essential, for work of a high class 
outs accurate nature; state age, experience and 
Mery soquies. —BOX 4013, Happon's eek 
Agency, lisbury Square, Londoa, B.C. 4, — H 249 


Pzsineer Require d on 
Government Service (not of a military nature, 
although Commission. would probably be given). 
Experience n Knowledge of works man- 
_— manufacturing organisation and produc- 
Special knowledge of machine tools and their 
Gounaiale employment desirable.—Apply, BOX 701, 
Caxton Adver } Agency, Clun House, Surrey 
Street, London, W.C. 2 Hi 220 


as ‘Wanted, ‘at Once, 


for Abroad, to su rétrigerating 
machines, Experience with ammonia desirable. 
a 5 Se work or eligible 

Se he copies of 

B. BrowNe's 

ffices, | 163, Queen Victoris Cet, 
221 


Eingineer Assistant Required 
b ya agy oor firm of engineers, working 
on urgent war t have experience in 
out estimates, venders, ta out. quantities and 
the ch of 0 one employed on 
Government work or resident more than 10 miles 
away will be cngaged. he .M; 644, care of 
are s, Leadenhall 8 B.C. 3., givi 

of practical and theoretinal train ng. 1233 














9) have rap 


‘ 
anted, Commercia 
‘ MANAGER for are Firm.in 

lands. 1916 sales £40,000 com ection a: 
factored goods, coveringa “lena range of 
Finanefial interest preferred, but — 
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POWER FOR THE FARM IN CANADA. 


In commenting recently upon the use of hydro- 
electric power in Canada and the success which had 
attended its development, it was mentioned that 
this success depended largely upon the ready re- 
sponse made to the demands of all classes. By satis- 
fying a considerable number of varied and small 
applications a large load was uniformly distributed 
and effectively employed. Hence the scheme as 
planned was feasible wherever sufficient population 
existed. A voltage stepped-up to 100,000 volts could 
be distributed to large towns as Dundas, Hamilton 
and Toronto, where suitable provision could be made 
for reducing the voltage to 13,000, or some definite 
secondary voltage for transmission to smaller towns 
and villages, where it could be again transformed to 
530 volts, 220 volts or 110 volts, as desired. So far 
the scheme could be worked satisfactorily, and 
though high voltages require expensive equipment 
and careful management, no insuperable difficulty 
is experienced and electric power can be brought at 
a fairly cheap rate to the doors of everyone within 
a moderate, but yet considerable, distance from 
Niagara. The price of power naturally varies 
according to distance from the central station. 
Hamilton pays 15 dols. per horse-power per year, 
St. Thomas 28, and Seaforth, more distant still, 
40 dols. When power is distributed to scattered 
clients in sparsely inhabited districts a service 
charge becomes a necessity, varying in amount with 





the number of users in a township, 3 dols. per month 
being charged where there are three consumers to | 
the mile, and 2 dols. when there are five. The point 
that we wish to make is that the natural resources | 
provide the farmer throughout the entire province | 
of Ontario with all the electric power he needs, and | 
if it is rather expensive in isolated cases, he is | 
encouraged to use the energy in a great variety of | 
ways, that affords some compensation to the| 
individual, while at the same time the load factor 
is improved and production generally is cheapened. 

The position of the farmer in Manitoba and 
Saskatchewan is not so favourable. The sources of 
energy are much smaller, large towns like Winnipeg 
and Calgary absorb much of the available power 
and can—or very shortly will—utilise all they can 
get. The farmer, too, is less progressive than the 
town-bred citizen. . The further he is removed from 
thronged centres of population and the bustle of 
cities, the more conservative he grows, and the 
more inclined to rely on his own resources. He is 
not educated up to the conveniences of electric 
washing machines, cream separators, and a host of 
other appliances that are regarded as necessaries by 
his Eastern competitor. The agriculturist is slow 
to move along the path of mechanical and economical 
progress. The horse-drawn single plough has a 
history as old as the hills whose surface it slowly and 
laboriously stirs: the application of mechanical 
power as a labour or time saving device is an 
innovation of yesterday. Germany, possessed with 
a profound appreciation of the material value of 
applied science, and forced to get the utmost out of 
its land, led the way in agricultural technology. 
After having tested the merits of the steam plough, 
she seized upon electricity as a motive power on 
the land, claiming that it works faster, is cheaper, 
and leaves less unutilised area in the field than 
other methods, and is particularly applicable to 
rough ground. Canada has not at present the same 
necessity to economise in land, but it should not 
be left out of sight that thé German, availing 
himself of the speediness of the electric plough, is 
able to save so much time between the harvesting 
of one crop and the sowing of the next that he is 
able to raise two substantial crops annually on much 
of his land, harvesting on an average 2,600 acres 
of crops from 1,600 acres of land. Eastern Canada 
is able to compete with the German, thanks to the 
excellent system of electric transmission adopted ; 
and notwithstanding the greater inertia of the 
Western farmer he is being slowly stimulated to 
take advantage of central service stations wherever 
these are available, and to employ mechanical 
substitutes where they are not. That he is on the 
alert, urged probably by the greater scarcity of 
manual labour, Mr. Beale’s recent report on small 
water powers gives ample evidence; at the same 





who seeks to set up a small hydro-electric power | table has been constructed :— 


station of his own is exposed.* In the prairie | 
country, where agriculture is the main industry, the | 
farms are scattered and cultivated with varying 
degrees of intensity. The streams are capricious 
and liable to failure: in the springtime the snow | 
rapidly melts and for a short interval the collected 
precipitation of four or six months flows through 
the streams with a prodigality that is embarrassing | 
when the discharge is not restrained by dams strong | 
enough to resist the pressure of ice, logs and debris. 
This swift and ample flood once past, the flow 
drops to normal, but as the rainfall is comparatively 
light and easily absorbed by the soil, the run-off 
continually tends to diminish. In the winter the 
springs freeze solid, and the flow of all but the 
larger streams is stopped. A stream which has a 
flood discharge of possibly 500 second-feet may have 
no winter flow, and regarded as a power producer 
would be inoperative for four months in the year— 
a fatal objection to profitable investment. As a 
consequence such water power as exists is only 
useful to a settler who has the necessary mechanical 
skill and scientific knowledge to build a dam and 
set up the appropriate machinery himself. Not- 
withstanding this drawback, Mr. Beale is able to 
give instances in which farmers have successfully 
met all obstacles, and provided themselves with 
power -sufficient for domestic and agricultural 
purposes all the year round. A typical instance 
is given in which a settler built his own power-house, 


j}and constructed from wood and sheet metal a 


5-ft. inward flow, vertical turbine, with draught 
tube, cylinder gate, &c. The actual money ex- 
pended on the initial installation was 160 dols., 
and by an outlay of 400 dols. he will have the 
command of 16 h.p. to 20 h.p. for six months of the 
year. This, of course, is a favourable case, but 
where technical knowledge is absent, or where 
foundations are insecure, and heavy spring floods 
bringing floating ice are frequent, it will not be 
wise to encourage the development of water power, 
either individually or collectively. 

The outlook for the provision of long transmission 
lines is not encouraging under the adverse conditions 
mentioned. In another report, by Mr. H. A. 
Robson, K.C., on a “ Projected Hydro-Electric 
System for the Province of Manitoba,” it is pointed 
out that any effort to promote industrial develop- 
ment by large hydro-electric undertakings would 
entail heavy financial burdens on the province for 
many years. “The provision of electric service,” 
says that authority, “merely for the use of the 
agriculturist, could not be accomplished on any 
satisfactory financial basis,” and that the feasibility 
of such a scheme would depend on the growth of 
towns and villages to an extent that would supply 
a solid foundation for the enterprise. In some 
districts power is now sold at a lower price than the 
cost of production justifies, in order to induce 
industries to locate within a particular municipality. 
This practice cannot be recommended as sound 
finance, and if it be true, as alleged, that some 
plants show a profit where in reality a proper mode 
of accountancy would disclose a loss, the policy 
borders on a scandal. There is another, but happier, 
controlling factor which should not be overlooked, 
the progress of hydraulic development and electric 
transmission may be so marked as to reduce the 
costs of power within attractive limits. 

The cost of generating and distributing power in 
Manitoba, as given by Mr. Robson, apparently 
from existing sources only, is calculated at 19.27 
cents per kilowatt-hour, a charge that is practically 
prohibitive. In Edmonton the charge for power is 
6 cents for the first 100 kw.-hour, falling to 2 cents 
when the number of hours exceeds 5,000. Apparently 
a rate as low as 3 cents per kilowatt-hour is in force, 
or is contemplated, in some parts of the Dominion, 
when the farmer’s cost for ploughing will work out 
to something like the following figures. The average 
speed of an 80 h.p. to 120-h.p. plough, with four 
shares for 9-in. furrows, including time lost in 
tilting at end of furrows, is 315 ft. per minute (about 


* Report on Small Water Powers. By A. M. Beale, 
B.Sc. Water Resources Paper No. 12. Ottawa: 
Government Printing Bureau, 1915. 


Cost of Electric Ploughing at 3. cents per kw.-h. 
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Total cost of ploughing per 
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time it exhibits the difficulties to which the pioneer | 3} miles an hour). On those data the following 
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Against such low figures as these other prime 
movers, as engines driven by steam, gasoline, coal, 
oil or gas, compete very unfavourably. In the case 

| of steam power, if coal be reckoned at 6.50 dols. per 
| ton, the cost of a 6-h.p. steam plant, including all 
| expenses, with interest, depreciation and repairs, for 
| 500 hours’ service per year will be 18.68 cents per 
| horse-power hour, and a 10-h.p. plant approximately 
| 13 cents per horse-power hour. Steam power on a 
| farm is not economical, but if gasoline or oil engines 
|are used these figures can be much reduced. With 
| gasoline, the 6-h.p. plant for the same output of 
| power will be only 13 cents, and with the larger size 
| the cost is reduced to 10 cents. If the consumption 
of gasoline per horse-power hour be taken at 
4 gallon, and the cost at 30 cents, and coal oil at 
15 cents, there is a saving of some 60 dols. a year 
on the gasoline plant of the same size. Expressed 
in kilowatt-hours :— 

The estimated cost per kilowatt-hour for 6-h.p. gasoline 
engine and storage battery = 22.8 cents. 

he estimated cost per kilowatt-hour for 6-h.p. oil 

engine and storage battery = 21.4 cents. 

Estimates are suggestive but not very accurate, 
since local circumstances affect prices very materially. 
The cost and consumption of fuel are items that are 
variable in any case, and trade fluctuations will 
influence the given results in a marked degree. 
The two most encouraging factors are, first, the care 
and eagerness of the Canadian Government to supply 
reliable information to intending settlers, a class 
likely to be increased after the war; and, secondly, 
the frequency with which the “exhaust” of a gas 
engine is heard in the Western prairies, a welcome 
sign of invested capital, enhanced prosperity and 
adventurous enterprise. 





THE ARRANGEMENT OF MACHINE 
SHOPS.—No. XV. 
By JoszrpnH Horner. 

Tue plan views, Figs. 112 and 113, on pages 30 
and 31, represent a machine shop of the Chicago, 
Burlington and Quincy Railroad Company, at 
Havelock, Nebraska, built by Messrs. Westinghouse, 
Church, Kerr and Co., of New York. Many of the 
machines shown are recent additions to the plant. 
This is a shop arrangement in which the actual 
growth may be observed, an expansion previously 
provided for in the building, so avoiding the 
necessity of extending the buildings lengthwise or 
laterally. And even after the installation of the 
new machine tools, room yet remains to introduce 
others at some later period. 

The systematic arrangements which are apparent 
in this mammoth building are typical of those of a 
good many works which have been built and laid 
out in recent years. Immense areas—parallel and 
rectangular, without obstructions, and with ample 
spaces left for the handling of articles of work 
adjacent to the machines where they are tooled, and 
with room for the introduction of new machines as 
the exigencies of a growing manufacture call for 
them. All the new railway shops seem to he 
designed substantially alike. But, then, they are 
planned under the most favourable circumstances, in 
youthful townships where spaces are ample, and 
having the experience of the earlier shops to serve 
as beacon lights to warn them what to avoid. 

The two plans represent conjointly one vast 
shop, the left-hand end of which commences at 
the left of Fig. 112, whence the shop is continued 
as far as the centre of the building, the other moiety 
being illustrated in the second drawing, Fig. 113, 
and completed at the right hand. The centre line 
of the building on Fig. 112 renders the relation of the 
twoclear. The rolled joists seen in plan indicate that 
the building is divided irito three great bays, the 
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lowest and widest bay is served by two rail tracks 


of standard gauge, and the next bay by one track. 
The machine tools occupy the two upper bays. 
The lowest one is an erecting shop, with fitters’ 
benches ranged along the whole length of the wall, 
as seen in both drawings. Benches also occupy 
nearly the entire wall spaces elsewhere. The 
fengths allowed for each bench are 5 ft. 10 in., or 
6 ft. The tool-room, drawing store, and foreman’s 
office occupy the centre of the building, so that the 
details of these are divided between the two 
drawings. 

Entering the shop at the top right-hand end, 
Fig. 113, a large group of lathes and miscellaneous 
machines is seen, driven from a shaft by a 20-h.p. 
alternating-current motor. Most of these lathes 
are ranged parallel with the benches, leaving a clear 


Advancing through the shop, Fig. 113, a large 
area is occupied with rail tracks where wheels on 
their axles are stocked, and beyond that, past a rail 
track that crosses the shop, lies the tinsmiths’ and 
pipe-workers’ department, this occupying an area 
in the upper bay. It is flanked on the right-hand 
with two long racks to carry pipe fittings, and has a 
number of benches rangedzalong the upper and 
left-hand sides. The tools comprise pipe machines, 
pipe-bending machines, shears, a press, a punch, a 
brazing furnace and forges, with a blower—motor- 
driven. Large areas permit of the ready manipula- 
tion of the pipes. Located at the lower end of the 
pipe shop are two boring mills, one being a 96-in. 
mill driven by a direct-current motor of 15 h.p., the 
other a 54-in. mill with a 7}-h.p. motor. Beyond, 
and flanking the lower side of the tool-room, are a 
cylinder boring machine, a 42-in. planing machine, 





gangway of about 5 ft. The largest are of 12-in. 







































| of the tool-room, the tool stores, with the foreman’s 
office, all being located in the upper area of the 
building. 

A considerable number of new tools occupy the 
department in which rods, crossheads and pistons 
are prepared. A 36-in. punching and shearing 

| machine, which is repeated in both drawings, being 
| located on the centre line of the building, is a land- 
| mark to connect the two drawings. The new tools 
| include, besides vertical boring mills, a vertical turret 
‘lathe, an engine lathe, and a grinder. There are 
two 12-ft. planers in this department, and a large 
| horizontal milling machine, so that a good deal of 
| gang or continuous tooling can be done on rods and 
crossheads, both by planing and milling. The 
horizontal milling machine takes 35 h.p., while the 
‘big planers take 15 h.p. each, and a large lathe of 
12-in. centres only 8 h.p 
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centres—24-in. swing. Several drilling machines, a 
shaper, a slotter, and a planer, with the benches, 
complete the equipment required for a miscellaneous 
kind of work. In the bay below, adjacent, wheels, 
axles, and tyres are dealt with in one group of 
machines, and again wheels and axles in another 
group. The latter comprise: some new machines, 
the requirements for wheels and axles having 
outgrown the capacities of the machine tools 
previously laid down for their manufacture. The 
new machines are a quartering machine, a vertical 
boring mill, and a steel tyre car-wheel lathe. Most 
of the motors are of direct-current type in these 
departments, and several are very powerful, the 
90-in. lathe taking one of 50 h.p. This also, with 
some others, has two motors, the main one for 
driving, the auxiliary one for travelling the rest, 
or the head, as the case may be. Adjacent to these 


and a 36-in. turret lathe, each with its individual | 


motor. Large gangways, 15 ft. to 16 ft. wide, ad- 
jacent, afford ample room for stacking work that is 
being turned out by these machines. The machines 
are flanked by the tracks on the other side. 

On the lower side of these tracks a large depart- 
ment is occupied with the production of driving- 
boxes, shoes and wedges. The majority of the tools 
here are new, and each has its own motor. The 
supplementary machines include a two-spindle 
drill, planers, a boring mill, a grinder, a lathe, and 
a 50-ton forcing press, which is served by a jib crane 
of 20 ft. radius. A furnace for melting babbitt metal 
is located near the babbitting table. Both alternat- 
ing and direct-current motors are used here. The 
boring mill and the slotter are served by one crane 
of 20 ft. radius. An aisle which crosses the shop 
bounds this department on the left. On the other 





departments is a large lye vat for cleaning grease 
from iron and steel. It is served by two jib cranes | 
of 20-ft. radius. 


side a very large area is occupied with the work of 
rods, crossheads and pistons, the arrangements for 


| which extend over both drawings, as do also those 


The tool-room, which occupies portions of both 
drawings, but in lengths which are unequal, affords 
an instructive study in its machine equipment. 
It is not the place for highly specialised machines 
beyond the special grinding machines for dealing 
with tool angles, with drills, cutters and dies. There 
are two universal grinders and one universal milling 
machine, which cover a large range of general 
utilities, and also a surface grinder and a plain 
milling machine. There are a number of standard 
engine lathes and a turret lathe. 

The operations that are performed in the tool- 
room are not of a highly repetitive character, as 
they are in the great workshop which it serves. It 
is, therefore, a small typical general shop enshrined 
in the greater building. Another feature is that no 
large interspaces are required for stacking and 
handling the products. The gangways and distances 
between the machines seldom exceed 4 ft. to 5 ft., 
the articles handled being mostly of small dimensions 





such as can be carried to, and fitted on, the numerous 
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benches that occupy the sides of the room. Also 
the machine tools are of a widely representative 


character, because the room is self-contained and | 


independent of the outside shop. They include 
lathes, various grinders, drills, a gear cutter, a shaper, 
a slotter, a milling machine, a centring machine, 


saws, @ hammer, an arbor press, and a furnace | 


with tanks for water and for oil. All kinds of small 
tools for cutting appliances, gauges for measure- 
ment, templets, jigs and fixtures, dies, screws, pins 
required for these fittings, &c., are produced by the 


| Beyond this room a very large area is occupied | 


| with the work on rods, crossheads and pistons, being 
about as large as that just now noticed on the lower 
side of the rail track. Adjacent to both areas and 
in continuation of the same are the spaces which 
are given up to the valve motions. 

In the upper area, in which rods, crossheads and 
pistons are prepared, the machine tools are of 
smaller dimensions than are those in the lower one, 


and therefore, with the exception of three engine | 
|lathes and a forcing press, all receive power from a | 































Beyond the transverse tracks the upper part of 


|the shop is occupied with the brass department, 
| which is always a large one in a locomotive works. 
| Here the engine lathes are outnumbered by the 
| turret lathes, and of these, those which deal with 


chuck work outnumber those for bar work, the 


|latter being set at an angle. Other tools are a 
|centring machine, two bolt cutters, and a wet 


grinder. All these are driven from shafting in two 
groups, with motors of 20 h.p. Benches are ranged 
along next the walls. One of the shafts which drives 
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13. Cylinder boring machine. 43. 16-in. engine lathe. 82. 42-in. by 12-ft. planer. 166. 96-in. m 209. 42-in. boring mill 
18. 2}-in. double-head bolt cutter. 46. 42-in. = 83. 42-in. by 12-ft. planer. 168. in. drill. 210. 42-in. boring mill 
Le 1 oe. * coe. soees mill. 3 — engine lathe. -% 20-in. a lathe = ret a mill 
. Turret Ja! e ° | » . Turre . zon m “in. machine. 
22. Wet grinder. 53. 24-in. slotter. 91. 20-in. drill. 173. Vertical milling machine. 214. 42-in. engine lathe. 
23. 36-in. engine lathe. 59. 36-in. by 13-ft. engine lathe. 94. Wet grinder. 178. 3-in. by 36-in. t lathe. 216. 24-in. by 12-ft. engine 
24. 36-in. engine lathe. 60. 24-in. by 12-ft. engine lathe. 95. 72-in. by 72-in. by 32-ft. planer. 179. 2-in. by 24-in. turret lathe. lathe. 
25. Key seater. 64. 16-in. engine lathe. 98. 38-in. band saw. 187. Universal ; 218. 600-ton hydraulic press. 
27. r. 66. Radial a 100. Quart machine. 188. b 219. 30-in. drill. 
30. 16-in. by 6-ft. engine lathe. 67. 60-in. wheel lathe. 128. 14-in. by 6-ft. engine lathe. 195. 34-in. drill. 222. 90-in. wheel lathe. 


all-round skilled mechanics in this room. With 
the exception of three lathes and a slotter, which 
have direct-current individual motors, the machines 
are driven from shafting in two groups from 3-h.p. 
and 15-h.p. motors. On the lower side of this 
room the long counters are ranged, with three 
openings through which tools are handed out and 
returned to store. The tool store and that for blue 
prints occupy a large floor area, over which is built 
the foreman’s office, having stairs at each end, and 
commanding a view of the entire building. A sub- 
store contains the expensive materials that are kept 
in the tool-room. 


| shaft that is driven by a 20-h.p. motor. Lathes com- 
prise the greater part of the tools here. The angular 
position of the turret lathe may be observed, so placed 
in order to permit bars passed through the hollow 
spindle from the rear to clear the lathe adjacent. 
There is a wet grinder for the rods, a link grinder, 
an oscillating surface grinder, two plain milling ma- 
chines, two drills, and two slotters. Benches occupy 
the width next the wall along the upper side of the 
shop. A bench on the lower side is used for fitting 
| the link motions together, and there are two laying- 
| off tables adjacent. The valve motion department 








is bounded by a track that crosses the shop. 


the right-hand group of machines in the brass 
department serves also another group of machines 
for making bolts and nuts, which are ranged on the 
opposite side of the shaft. These—that is, the 
shaft-driven tools—include two drills, two turret 
lathes set diagonally, a bolt cutter, a nut forcer, a 
nut tapper, a centring machine, and a stay-bolt 
drilling machine. The remainder of the tools here 
are provided with their own motors. They include 
a turret lathe and a stud and stay bolt threading 
and reducing machine. A large area situated beyond 
is hardly occupied as yet. Air brake work and that 
of bells and injectors is done here, work to which 
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the brass department is contributory, and also that | 


of some boring mills located below the bolt and 
nut shop. The fitting is done on benches next the 
wall, and on another bench 30 ft. long by 6 ft. wide 
to the right hand. Testing racks occupy a smal] 
portion of the area. 

The last portion of the building is devoted to the 
work of frames and cylinders. It is occupied by 
a few large machines separately motor-driven, and 
a space where the frames are laid out. The largest 
machine is a frame-plate planer, having 32 ft. of 
table travel and taking a 30-h.p. motor for the main 
drive. A big slotter, with a 24-in. stroke, requires 
a 20-h.p. motor to drive it. A cylinder-boring 
machine has a 15-h.p. motor. Radial drills, a 
grinder and a lathe complete the equipment. 

These shops, like some others which have been 
illustrated, show in sharp contrast the radical 
difference between the new and the old arrange- 
ments. Instead of the turnery, the planer depart- 
ment, the drilling shop, the grindery, and so on, 
machines representative of every class are grouped 
among those of other classes, selected and arranged 
around the specialised branches of manufacture 
done. 





THE HARLEM RIVER SUBWAY TUNNEL, 
NEW YORK. 


By Frank W. Skinner, M.Am.Soc.C.E. 


Tae borough of Manhattan, formerly the city 
of New York, and now the central and most 
populous and commercially important of the five 
boroughs comprising greater New York city is 
located on a long and narrow island at the head of 
New York Bay. It lies between Long Island and 
the State of New Jersey, from which it is separated 
by the East and the North, or Hudson, Rivers 
respectively, the northern end being bounded by 
the Harlem River. 

Conditions.—There are short-span bridges across 
the Harlem River, four to eight-track cantilever and 
suspension bridges—among the longest spans. in the 
world—and the 1,000-ft. four-track Hell Gate arch 
span across the East River, and no bridges as yet 
across the North River. The North and East 
rivers are each crossed by eight single-track tunnel 
tubes for electric cars. There are also three tunnels 
under the East River for large gas mains. All 
except the last have cast-iron linings and were 
driven by the pneumatic shield method. 

The first rapid-transit subway crosses the Harlem 
River in a double-track high-level tunnel, and its 
extensions, now being completed, will cross it in a 
four-track high-level tunnel constructed under 
difficult conditions by an unusual method, which 
will be described in this article. 

This new tunnel, at the foot of Lexington-avenue 
and 135th-street, crosses the river at a point where 
it is 600 ft. wide between bulkhead lines and is 
26 ft. deep at low tide. The bottom penetrated is 
chiefly composed of soft mud, and as there is 
important navigation that must not be interrupted 
it is not permissible to obstruct the channel, and 
the problem of constructing the tunnel at the 
highest elevation clearing navigation was a difficult 
one. 

Open cofferdams or pneumatic caissons containing 
sections of the tunnel were inadmissible on account 
of the obstructions involved ; ordinary tunnelling 
was impossible with the soft ground and thin roof ; 
the depth of water and the required elevation 
precluded the preliminary deposition of a clay 
blanket on the bottom to form a reliable roof; 
and there was not throughout sufficient depth or 
bearing capacity of soil for the use of the pneumatic 
shield method. The principal alternatives were the 
freezing process, which is very slow, costly and 
uncertain; the pneumatic trench process; and 
some modification of the sunken tube process. 

Rival Scheme.—Strong efforts were made to secure 
the adoption for this construction of the pneumatic- 
trench method very successfully used in 1903 for 
the construction near by of the double-track tunnel 
in which the first subway crosses the Harlem River 
under similar conditions at a point where it is 
300 ft. wide and 28 ft. deep. This tunnel has a 
segmental cast-iron lining made of two intersecting 
15-ft. tubes 124 ft. apart on centres, embedded in a 


solid mass of concrete 314 ft. wide, 19} ft. high, | centre line of the tunnel, and the assembled upper 
and about 28} ft. in the clear below high tide, which | halves of the tunnel tubes were floated out and sunk 
was built in a dredged trench with a submerged | to position, being supported by extended horizontal 
airtight roof, by a method designed and executed | flanges at the springing lines, and thus forming the 
by D. D. McBean. roof of a pneumatic chamber (see Figs. IV, V and 
The tunnel, 640 ft. long, was built in two nearly | VI). The chamber was pumped out, pneumatic 
equal successive sections extending from the | pressure applied, the excavation completed, interior 
opposite shores to the centre of the river, and | piles cut off at subgrade, concrete invert laid, the 
constructed in submerged covered cofferdams which | remainder of the cast-iron shell segments assembled, 
involved only the permissible obstruction of half concrete deposited under water over the top and 
the width of the navigable channel at once. The) sides of the tunnel, and the trench back-filled over 
annexed sketches, Figs. I to VII, will aid in ex- it (see Fig. VII). The work was satisfactorily com- 
plaining the methods adopted. pleted, and the contractor subsequently offered to 
On the west side of the river a trench 50 ft. wide build similar structures in New York for a price of 
at the bottom was dredged to 10 ft. above subgrade, | 1,000 dols. per lineat foot. 
and on each side there was driven a triple row of Description of Four-Track Sunken Tube Tunnel.— 
piles, forming two working platforms 38 ft. apart in Very careful and complete studies and estimates 
the clear. In the trench four rows of piles were were made by the contractors and engineers of the 
driven and cut off at the level of the top of the pneumatic-trench method and other types and 
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finished concrete structure. A wooden framework | 
consisting of trusses and heavy transverse braces 
(see Fig. 1) was sunk to rest on and enclose the tops | : 
of the piles and to serve as bracing for rows of heavy #tg. VI. 
wooden sheet piles driven against the sides of the | === 
framework to form the longitudinal walls of the 
cofferdam. proc Fat 
The ends of the cofferdamsa were closed by heavy ~~ ——— 
timber bulkheads, and a solid timber roof platform —= 
40 in. thick (Fig. IT) was sunk to rest on the sheet 
piles and bulkheads, taking bearing on the vertical 
flanges of T-bar shoes, which gained into the timber | 
and forced tight joints. The trench was back-filled, 
the water was pumped out of the cofferdam chamber, 
air pressure was applied, the bottom excavated to | 
subgrade, the piles cut off to form foundations for methods of tunnel construction for the Lexington- 
the tunnel, the invert concrete laid, the cast-iron avenue crossing, and eventually the sunken tube 
lining assembled, and the remainder of the concrete ,method was adopted on considerations of safety, 
placed over and around it (Fig. III). rapidity, economy and convenience, and it was 
Some modifications were developed for the con- built by a modification of the design and method 
struction of the eastern section of the tunnel, which ‘first used by Olaf Hoff, M.Am.Soc.C.E., in 1909, for 
was built in three parts, each about 90 ft. long. | the construction of the double-track railroad tunnel, 
The working platforms were removed from the west 80 ft. deep and 2,625 ft. long, under the Detroit 
to the east side of the river, shifting navigation to River at Detroit, Mich. 
correspond, the trench was dredged to within 5 ft. The alignment of the tunnel (see Figs. 1 to 14 on 
of subgrade, five rows of piles were driven in it and Plate II), 1,080 ft. long, is tangent except for 40 ft. 





cut off a little above the bottom of the trench, 
a horizontal timber platform was sunk to rest on 
the tops of the piles, wooden sheet pile walls were 
driven on each side of the trench, 38} ft. apart in the 
clear and cut off accurately at the elevation of the 


of 2} deg. curve at one end, and is graded 3 per 
cent. from both ends to a sump in the middle, sub- 
grade being at a maximum depth of 57 ft. below 
mean high tide. The structure consists of a 24} ft. 
by 78 ft. rectangular mass of concrete enclosing four 


JuLy 13, 1917.] 





ENGINEERING. 


33 








flattened intersecting steel tubes, 19 ft. in diameter 
and 17 ft. apart on centres, which are connected by 
244 ft. by 76 ft. vertical transverse steel plate 
diaphragms 15 ft. 7 in. apart. An end view, plan 
and sections of one group of tubes are given in 
Figs. 20 to 23, Plate V. 

The tubes are made of -in. plates about 8 ft. 
wide, with riveted lap joints. The longitudinal 
joints are double-riveted and the transverse joints 


Tunnel Excavation.—For the full length of the 
tunnel there was excavated in the river bed a trench 
80 ft. wide on the bottom, with an average depth 
of about 32 ft., and having the sides sloped to the 
natural angle of 1:2. The bottom, consisting of 


|sand, clay and gravel, was overlaid with 10 ft. to 


15 ft. of soft mud, and was in places so hard that it 


was with difficulty removed by a 5-yard clam-shell 
| bucket weighing 5 tons empty. 


The maximum 


are single-riveted through outside circular flange | depth of the trench was 50 ft. at the banks, and 
angles. At every second joint these flange angles | from it 275,000 yards of earth was dredged in 
are 3} in. by 3 in., and serve as connections for the 18 months by a force of about 10 men. A 
}-in. diaphragm plates, which project 2 ft. 3 in.,| photograph of a 5-yard clam-shell dredger is repro- 
3 ft. 3 in., and 3 ft. respectively beyond the lower, | duced in Fig. 17, annexed. 

upper and outer sides of the tubes. The transverse; Besides the earth dredging, about 2,000 yards of 
tube joints intermediate of the diaphragms are | rock on the north side of the river was blasted and 
stiffened by 4-in. by 3-in. angles. The diaphragms | removed to an average depth of about 38 ft. by 10 
are stiffened by flange angles on the outer edges. | men in 6 months. For this work a steam machine, 
Between the-diaphragms the vertical walls, 2 ft.| mounted in a pile-driver frame, as shown in Fig. 19, 
apart, of the flattened sides of the adjacent tubes 


are connected by horizontal tie-bolts that also serve 
to secure U-shape anchors for the concrete lining 
(see Fig. 20). 

The tubes were completely riveted on shore in| 
five nearly equal four-tube sections, these being 


Plate IV, drilled 4-in. holes to a maximum depth 
of 60 ft., 5 ft. below subgrade, to insure against 
projecting summits of rock. The holes were spaced 
5 ft. apart in both directions, were charged by 
divers with 1 lb. to 14 lb. of 60 per cent. or 70 per 
cent. dynamite, and broke the rock into pieces 





eventually connected together by joints bolted up | small enough to be removed by the 7-yard dipper- 
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under water. Views of the tubes in course of; dredge bucket used. A view of this dredger is 
construction at the contractors’ yard are shown | given in Fig. 18 on Plate IV, while Fig. 20 
by the photographs reproduced in Figs. 15 and 16|on the same Plate shows one of the lumps of 
on Plate ITI. rock brought up. All the soil was loaded into 
Transverse 4-ft. by 9-ft. passages with watertight |500-yard scows, towed over 30 miles to sea, and 
steel plate walls were made between adjacent tubes. | dumped. 
The ends of adjacent tube sections were made with| Constructing the Quadruple Stecl Tubes.—The 
exterior angle flanges and interior Z-bar flanges, | structural steel for the tubes was fabricated at 
providing strong, tight joints easily bolted under |the Ambridge shops, near Pittsburgh, and de- 
water by divers. The outstanding legs of the angle | livered by lighter to the contractors’ waterfront 
flanges were connected by {-in. bolts, 16 in. apart, | yard on the Harlem River, about a mile from 
and the cylindrically curved outstanding flanges of |the tunnel site. The steel was stored on one 
the Z-bars were punched to receive bolts through |side of the 130 ft. by 250 ft. slip, which was 
the connecting plates. Near the middle of the river |\commanded by derricks, and a locomotive crane 
a steel plate sump, 74 ft. wide and 25 ft. long, with with a 50-ft. 20-ton boom, as seen in Fig. 16, 
a domed bottom, was provided under each pair of | Plate III. 
tracks. Each tube in one of the end sections was Part of the plates and angles were riveted up on 
provided with a flanged 3-ft. vertical steel air shaft,| shore and their lower sections were assembled on 
4 ft. long, riveted to the upper side to provide | falsework in the slip, forming cradles, in which the 
connections for giving shafts access to the tubes for tubes were built. The lower flanges of the trans- 
pumping, concreting, &c. |verse diaphragms rested about 1 ft. above high- 
The tubes were surrounded by a solid mass of| water level, on four longitudinal lines of pipe 
1:3:6 Portland cement concrete enclosed between ‘caps, 18 ft. apart in the clear. Each section of 
the vertical diaphragms and longitudinal vertical the tubes required about 80,000 }-in. field rivets 
wooden walls connecting their outer edges. They | and 12,000 lirfear ft. of caulking, this being done 
were lined with 1: 2:4 concrete about 12 in. in| by pneumatic tools operated by a total force of 
minimum thickness, which was reinforced by l-in. |about 65 men. This force included 10 to 15 
square longitudinal and transverse rods. Refuge | four-man riveting gangs, each of which drove an 
niches, 6 in. deep, were formed about 20 ft. apart in | average of 400 rivets in 8 hours, with a maxi- 


the vertical walls; boxes eontaining electric wires | 
were built on both sides of the tracks, and wherever 
necessary terra-cotta drain pipes were embedded in | 
the concrete inverts under track centres. Each | 
linear foot of the completed structure contains 
5,800 Ib. of steel, 36 yards of exterior and 11.6 
yards of interior concrete. 


mum of 522. In order to secure plenty of light 
for the interior work, alternate crown a Pes were 
omitted until the rest of the work was com- 
pleted. The average time for completely assem- 
bling, riveting and caulking one 220-ft. section was 
30 working days. 

(T'o be continued. ) 





THE NATIONAL PHYSICAL LABORATORY 
IN 1916-17. 


(Concluded from page 5.) 


Heat. High Temperature Scale and General 
Work, (Dr. J. A. Harker, F.R.S., Captain A. 
Blackie, Mr. Ezer Griffiths, M.Sc., Mr. F. H. 


Schofield, B.A., B.Sc.)—Dr. Harker and Mr. 
Blackie being engaged on other duties, the heavy 
routine work (especially optical pyrometer testing) 
and the research work on high temperature scales, 
as well as the testing of refractories and confidential 
investigations, have fallen on Mr. Griffiths and 
Mr. Schofield. Two optical pyrometers of the 
polarising (Wanner) type, purchased from the Cam- 
bridge Scientific Instrument Company, have been 
calibrated up to 1,600 deg. C. by comparison with 
thermo-couples. In the preliminary work a new 
couple, platinum-platinum with 10 per cent. of 
rhodium, from Messrs. Johnson and Matthey, was 
standardised up to 1,550 deg. C., the E.M.F. of the 
couple being determined at the boiling-points of 
water, naphthalene, diphenylamine and sulphur, 
and at the freezing-points of tin, zinc, antimony, 
silver, gold, copper, nickel, palladium. The last two 
metals (freezing-points, Ni 1,452 deg. and Pd 1,549 
deg. C., according to Day and Sosman on the gas- 
thermometer scale) caused considerable difficulties. 
The nickel, obtained in berries of 99.14 per cent. and 
99.9 per cent. Ni, was first melted in a blast muffle 
in a graphite crucible, being covered with graphite 
powder ; the cooling curves, taken by the aid of the 
couples in their sheaths of Morgan porcelain, gave 
freezing-points of the two nickel samples all agreeing 
within 2 deg. C., but about 1,330 deg., i.e., 120 deg. 
below the normal, 1,452 deg. C. The freezing-point 
seemed to have been lowered by the absorption of 
carbon, and the constancy of the observations 
suggests that the point 1,330 deg. C. may be a fixed 
one—which would be valuable, as there is at present 
a long gap between the freezing-points of copper, 
1,083 deg., and of nickel ; the point is to be further 
investigated. Attempts to melt nickel in a clay 
crucible surrounded by a refractory tube through 
which nitrogen was passed failed because the tubes 
could not stand the extreme temperatures. Ulti- 
mately the nickel was successfully melted by the 
blowpipe flame, under a layer of borax, in a Juleff 
crucible, without liner tube, but painted outside 
with carborundum powder ; the borax deeply pitted 
the crucible, however, and spoiled it for further use. 

Cooling curves of sufficient masses of fused palla- 
dium being out of the question, the wire method 
was used. The two arms of the thermo-couple were 
connected by a short length of palladium wire, 
0.5 mm. in thickness ; the thermo-couple leads were 
inserted in a glazed porcelain tube (Fig. 9); this 
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was surrounded by a liner tube of Morgan porcelain 
(alundum tubes failed) axially fixed in the spiral of 
graphite or carbon tube of the electric furnace. 
The arrangement was as in Fig. 10, page 34, except 
that the glazed tube replaced the inner tube of 
Fig. 10, and that the furnace was vertical, the 
pyrometer being absent. The melting palladium 
bead would drop and break the current; some- 
times it seemed to draw the arms of the thermo- 
couple together without breaking the circuit; 
hence a small rider of fireclay was fixed near the 
wire ends over which the short Pd wire was 
hooked. There were other troubles with break- 
ing liners, but finally a series of melting-points 
agreeing within + 1 deg. C. was obtained. 

These observations on the thermo-couple com- 
pleted, its temperature scale was computed. The 
curve connecting E.M.F. and temperature fcr 
platinum alloys was found to be approximately a 
cubic up to 1,100 deg. C., and above that a parabola ; 
the various formule used are merely empirical, how- 
ever, a law has not been established yet, and the 
Laboratory relies on its tabulated values. Then fol- 
lowed the observations on the two optical pyrometers 
(Wanner type) above mentioned. They were sighted 
on a black-body furnace with the pyrometer in front 
of it (Fig. 10); five furnaces were used, the furnace 
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in Fig. 10, a carbon tube, or one of three platinum- 
wound furnaces for temperatures up to 1,330 deg. 
The thermo-couple was exposed across the face of 


thermometers submitted last year left much to be 
desired, but there is some improvement in this 
respect. The increase in the work is partly due to 





calculations for cemented objectives of any number 
| of elements can now be performed with the aid simply 
| of quadratic equations. On the “ Determination of 


a plug in the centre of the furnace, the plug being | tests for the Admiralty and Navy, and arrangements Coma ”—the term comprises aberrations generally, 


magnesite on a silica tube for the Pt furnaces, or 
the base of a very small clay crucible for the highest 
temperatures. The results of the experiments with 
the five furnaces agreed well with one another, and 
from these results, which were subsequently con- 
firmed by melting-point determinations of copper, 
gold and palladium made with the pyrometer under 
black-body conditions, the temperature scales of 
the pyrometers were obtained; experiments with 
wires of nickel and of platinum were less satisfactory, 


although hydrogen or nitrogen was passed through 


the furnace in the former case to prevent oxidation. 
Fig. 10 shows how the copper wires were mounted in 
these cases. During the calibration of the pyro- 
meters failures of the liner tubes again caused 
difficulties ; but the Cambridge Scientific Instrument 
Company presented the Laboratory with some 
lengths of German porcelain tubes of the highest 
grade. The temperature scale of the observations 
can be varied and raised by interposing one or two 
red absorption glasses between the pyrometer and 
the furnace mouth. In the verification of the 
standard total radiation pyrometers a carbon tube 


are made for further inereasing the capacity of the 
| division. 

| Optics. (Mr. T. Smith, B.A., Mr. J. Guild, Dr. J. S. 
Anderson, Miss A. B. Dale, Mr. R. J. Trump.)— 
| The optics division was also overburdened with work 
| which had to be undertaken by a staff depleted 
| by the loss of Mr. R. W. Cheshire (who joined a 
| manufacturing firm) and of Mr. D. W. H. Bell 
|(in the Army). The number of binoculars and 
| telescopes tested further increased from 17,656 to 
18,522, which is more than double the number of 
two years ago, but this number does not represent 
| anything like the actual increase in work, as the 
| Admiralty called for new tests and special work, 
| taxing the time of the staff to the utmost limits. 
|The determination of the refraction and dispersion 
| of glass also caused much work. The improvements 


| : ss . 
| effected in obtaining a bright hydrogen spectrum for 


this purpose were noticed in our account of the 


| Optical Society’s Exhibition of last December. The 
| Pulfrich refractometer (Zeiss instrument), which is 
| used in these tests, Mr. Smith points out, is very 
convenient and sufficiently accurate for all com- 





























wound with nickel-chromium alloy has so far been 
used; the tape, of 10 mm. width, 1 mm. thick, took 
40 amperes and stood 1,100 deg. for a long time, but 
burnt out after two hours at 1,300 deg. The further 
work on Féry pyrometers chiefly concerns the use 
of series of screens for different ‘“‘ apparent” tem- 
peratures at constant furnace temperature. 

Thermal Conductivity. Refractory Materials.— 
The research on the relative efficiencies of slag wool, 
granulated cork and slab cork for cold storage work 
has been completed ; the work being for a private 
firm, no information is available, unfortunately. 
The investigation of the thermal conductivity and 
thermo-physical tests of refractory materials is 
continued; Mr. Griffiths contributed two papers 
to the discussions on high-temperature furnaces and 
refractory materials before the Faraday Society 
in their November and December meetings. We 
noticed these papers at some length in our issues of 
November 17 (page 489) and December 29 (page 
645), 1916. 

Thermometer Testing. (Captain G. W. C. Kaye, 
D.Sc. (on active service), My. W. F. Higgins, B.Sc., 
Mr. W. Hugo.)—The tests of mercury and spirit 
thermometers mentioned last year have been 
continued. Of the 461 precision thermometers sent 
in 265 were high-range instruments. The examina- 
tion of makers’ standards has in several instances 
resulted in improvement in the quality of instru- 
ments subsequently submitted, but further advan- 
tage should be taken of the facilities offered by the 
Laboratory. The number of Kew class meteoro- 
logical thermometers decreased by 300 to 3,164. 
The number of clinical thermometers rose from 
16,137 (1915) to 24,272, the largest number dealt 
with since this testing was transferred from Kew 
to the Laboratory; the quality of certain clinical 





mercial purposes, when the absolute value of the 
refractive index and of the dispersion ought to be 
correct within + 0.0001 or + 0.0002 or 3; the 
errors can be adjusted with the aid of the apparatus 
of the Laboratory. But the Pulfrich refractometer 
is essentially a comparative (not an absolute) 


instrument. A check can be obtained with the aid 
of prisms, which can be measured on a spectrometer 
as well as on a refractometer ; these specimens are 
of glass, however, and the checks consist of measure- 
ments of indices for water and quartz. For the 
higher accuracy of dispersion now required the 
Pulfrich refractometer, as at present made, is not 
suitable, and the whole problem is now under 
consideration. As regards the refraction and 
dispersion of irregular and lenticular pieces of glass, 
Mr. Cheshire described a testing method in the 
Philosophical Magazine of last October; a more 
compact form of this instrument is now used. A 
new type of spherometer, the micrometer of which 
can be set to 0.1 p, has also been evolved, but about 
this instrument and signalling apparatus no informa- 
tion is available at present. Nor are particulars 
given as to the optical method of determining the 
rate of settling of buildings in cases where mechanical 
apparatus are inadmissible. A “Table of Con- 
structional Data for Small Telescope Objectives” 
was published (by Messrs. Harrison and Sons) in 1915, 
and an additional second volume, likewise compiled 
by Mr. T. Smith and Mr. Cheshire, has since been 
published ; these extensive and useful tables show 
the effect of varying the optical position of the 
glasses employed and the changes in lens curvature 
required to compensate for them. A full investi- 
gation has also been made of the second order 
aberrations of triple-cemented telescope objectives 





(as compared with double objectives), and the 


| and is particularly applied to the lateral aberration 
| of oblique rays, whilst spherical aberration concerns 
| cases in which the object is situated on the axis of 
| the instrument—Mr. T. Smith read a paper before 
| the Physical Society a few weeks ago, on June 22, 
while Mr. J. Guild dealt on the same occasion with 
“Chromatic Parallax.” The subjects are of great 
importance ; Mr. Guild especially pointed to the 
difficulties which this chromatic aberration causes 
in making measurements in certain parts of the 
spectrum, and described means of meeting these 
difficulties. 

As in former years, specifications for optical 
instruments have been drawn up for the Admiralty, 
and advice has been given to public departments 
and private firms. A comprehensive scheme for re- 
searches into optical instruments at the Laboratory, 
in connection with the optical manufactures of the 
country, has been drawn up and is now under 
discussion. 

Radium and X-Ray Work. (Dr. Kaye, Mr. 
Higgins, Miss W. E. Donnelly.)—The 31 radium salt 





samples tested during the year represented an 





insurance value of 8,000/.; this number shows a 
further, not unexpected, decrease (47 samples last 
year), and the equipment of the division remains 
unchanged. The tests are made by means of y-rays, 
and the standards are always kept well enclosed ; 
use of emanation is not made, and the contamination 
of the room with radium is not to be feared therefore. 
We have already noticed Mr. Higgins’ share of work 
in the study of radium luminous compounds. 

Tide Predictions. (Mr. F. J. Selby, M.A., Mr. 
W. H. H. Brookes.)—In the absence, on active 
service, of Mr. A. H. Bell, the preparation of the 
Indian Tide Tables has been carried out by Mr. 
Brookes and Miss R. M. Rudkin ; good progress has 
already been made with the tides for 1919. The 
predictions for the Port of Brisbane are being 
continued, and predictions are also made for the 
tidal station of Koh Hlak, off the coast of Siam. 

Library.—The library has been in charge of 
Miss E. M. Barker, Mr. R. A. Frazer having joined 
the aeronautics department of the Laboratory. 

Metallurgy and Metallurgical Chemistry. (Super- 
intendent, Dr. W. Rosenhain, F.R.S.; Messrs. J. 
Murdock, Guy Barr, 8. L. Archbutt, W. H. Withey, 
L. L. Bircumshaw, J. L. Haughton, T. E. Rooney, 
D. Hanson, E. A. Coad-Pryor, V. H. Stott, and 
others.}—The department has been very largely 
occupied in war work of a confidential character. 
The depleted staff has been supplemented by the 
engagement of nine women, most of whom were, 
and are, trained as chemists; they have attended 
a course of lectures on metallurgy which the superin- 
tendent has given to the staff of the Laboratory 
in general. Women have proved especially useful 
also in the working of crucibles, muffles, &. 

Equi .—The additions to the equipment 





have been slight, apart from the extensions, by the 
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Office of Works, of the foundry, which is now of 
twice its original size and provided with an iron 
bridge. This bridge can be moved about by the 
crane and placed astride any of the furnaces, and 
carries, among other devices, the stirring machine 
for the optical glass furnace to be mentioned below. 
A novel type of electric resistance furnace for refrac- 
tories, &c., will also be briefly described. Leads from 
the alternate-current mains in the foundry have 
been taken up to the furnace-room of the Wernher 
building, where a smal] 5-kw. transformer has been 
. installed. Dr. Rosenhain’s very efficient but noisy 
injector burners, in which a mixture of gas and air 
under a pressure of 80 lb. per square inch is burnt 
and temperatures of 1,700 deg. C. can be reached, 
have been removed to a special part of the foundry. 
The metal-melting gas furnaces there are now placed 
in a pit. The vertical tube gradient furnaces 
for thermal curves have been improved by placing 
them in steel casings, flanged at the ends and fitted 
with base and cover plates. A furnace tube of 3 in. 
diameter is, in this casing, surrounded by 6 in. of 
insulating material ; the heating coil of nichrome is 
wound on a separate tube, to be pushed over the 
upper end of the furnace tube, and is removable for 
rewinding ; nitrogen is passed through the furnace 
while it is being heated, and the life of the nichrome 
is thus prolonged. In these gradient furnaces the 
specimen is slowly lowered down the tube or raised 
from it; this can be done by the aid of electric 
motors or of magnetic devices driven by contacts 
from the pendulum of a standard clock. A new 
device for this purpose consists of an oil tube, the 
piston of which is weighted and operates through a 
wire passing over pulleys; a bypath to the oil tube 
is provided with a valve, by means of which the 
specimen can be started from any position without 
altering the adjustment of the needle valve which 
determines the rate of movement. The muffles of 
ordinary fireclay having been found liable to crack, 
muffies of various dimensions are now made in the 
department of carborundum; they have stood the 
test of several months’ use very well. 

Alloys Research.—Aluminium alloys for aircraft 
have claimed most attention, and important reports 
have been made to the Advisory Committee on 
Aeronautics and to the Admiralty and Army. Dr. 
Rosenhain represents the Laboratory on the_Sub- 
Committee for Alloys. The continued work for 
the Alloys Research Committee of the Institution 
of Mechanical Engineers chiefly concerns light 
alloys, binary and ternary, of aluminium with 
zinc, copper, iron, silicon, and magnesium and their 
equilibria. Publication of the important results 
is not deemed advisable at present ; a confidential 
demonstration took place in November and helped 
the Laboratory to a considerable increase in the 
grant for building and equipment from the Research 
Department of the Advisory Council. The large 
electric annealing furnace in the rolling mill, which 
has amply justified its erection, is provided with 
end stoppers, more than 1 ft. in diameter ; heat- 
ing coils are attached to the inner faces of these 
stoppers to obviate losses by radiation ; the coils 
are nichrome tape, up to } in. in thickness. 

Steel; Standardised Steel Samples.—For the 
continuation of the work on permanent magnet steels 
for magnetos, carried out on behalf of the Institution 
of Electrical Engineers, Messrs. Firth and Sons, of 
Sheffield, and Dr. W. H. Hatfield, of the Brown- 
Firth Research Laboratories, have prepared some 
special tungsten carbon steels. The Institution of 
Automobile Engineers has also submitted a good 
deal of work (heating and cooling curves taken by 
means of Dr. Rosenhain’s chronograph), and 
fractures of boiler plates have been studied for the 
Admiralty ; they illustrate the dangers of annealing 
at temperatures below the critical point of steel. A 
research on the hardening of steel gauges of special 
steels has recently been started. As regards 
standardised steel drillings, the Iron and Steel 
Institute and the Laboratory are co-operating for 
the purpose of issuing such standard samples to 
steel works chemists as is the practice of the United 
States Bureau of Standards. There are many 
outstanding discrepancies in steel analysis which 
call for such a measure, and the present dearth of 
fully trained metallurgical chemists makes the 
question urgent. 





Other Metals.—The miscellaneous work on other 
metals called mainly for the study of economical 
alloy substitutes wanted by the Ministry of Muni- 
tions and other departments ; many suitable sub- 
stitutes have been found, and success has been 
realised particularly in connection with alloys for 
fuses and cupro-nickel. 

Optical Glass.—This research, in which the 
Laboratory is collaborating with the Institute of 
Chemistry and other bodies, has made considerable 
progress, in the first instance with refractories for 
optical glass melting. Pots have been made of one 
material throughout or have been provided with 
more expensive linings; improved methods of melt- 
ing and stirring have also been devised. For burning 
refractories a special type of electric furnace has 
been evolved. After successful experiments with a 
furnace 2} in. in diameter, one of 7 in. diameter 
was constructed, and a larger furnace is now 
being made. In these furnaces heat is generated 
by contact resistance between specially shaped 
graphite parts, and an endeavour is being made 
to substitute pressed carbon similar to that used in 
arc lamp electrodes, as the latter can be obtained 
in this country; valuable help has been given in this 
direction by the carbon department of the General 
Electric Company. The gas-fired regenerative 
furnace is working excellently in the foundry. It 
is fitted with five horizontal rows, each of four 
regenerator tubes of carborundum, the colder ends 
of the tubes being made of silica. The original 
magnesite lining of the furnace has been replaced by 
a lining of crude zirconia bricks, the use of which | 
allows of an appreciable saving in gas consumption. 
The furnace is now used for glass melting in a pot 
or crucible; a similar furnace is being built for 
burning refractories. The stirring machine above- 
mentioned has answered very well. On the plat- 
form which is brought over the pot are mounted an 
electric motor and a system of vertical steel rods, 
so geared that the stirrer proper can describe a 
circle of adjustable radius while revolving about its 
own longitudinal axis, both movements being at 
variable speeds. 

Metallurgical and General Chemistry.—A great 
volume of very varied work has passed through the 
laboratories ; analyses of aircraft materials for the 
Aeronautical Inspection Department can now be 
reported upon within 24 hours of receipt of samples ; 
much work also comes from the Chief Inspector at 


of Mr. J. Duncan, the head of the department, had for 
their object the determination of the states of stress 
existing in flat rectangular mild steel plates of varying 
thickness when exposed to fluid pressure. In doing so 
the following objects were aimed at :— 

1. The production of conditions of fixity along the 
edges which should Papeneants as closely as possible 
to those upon which the theory of the subject is based. 

2. A determination of the stress conditions for values 
well below the elastic limit, and to this end to secure 

3. Methods of measurement of deflection of as delicate 
a nature as possible, excluding optical methods of types 
which are not self-contained. 

4. The determination of the actual principal axes of 
strain for various points on the plate and, by actual 
measurement, to find the strain along these axes. 

Although this subject bears very closely upon the 
work of the naval architect and the civil engineer, yet 
the available literature upon it is by no means abundant. 
In this respect the records of this Institution form an 
honourable exception to a somewhat general rule. 
Papers have been contributed, amongst others, by the 
late Mr. Read on the “Strength of Bulkhead Plat- 
ing,’’* in which he investiga in a very ingenious 
manner the stresses in a strip of thin plating uniformly 
loaded, on the assumption that the strip could be 
regarded as a catenary; by the late Dr. Elgar in a 
paper on the strength of bulkheads,t in which he 
advanced some general considerations bearing on the 
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Woolwich and from the Ministry of Munitions and 
munition areas. The materials submitted include 
aluminium alloys and special steels, and often differ 
widely from the materials formerly sent in. Tests 
have also to be made of optical glass, and, further, 
of chemical laboratory glassware and porcelain ; 
these latter have considerably improved in quality 
since last year. Dopes and varnishes for aircraft 
fabrics also pass through the laboratories to be 
tested for durability, weathering in sunlight, per- 
meability to hydrogen and other qualities. 








STRESS DETERMINATION IN A FLAT 
PLATE.* 


By Mr. J. Montcomerie, B.Sc. 


THIs paper sets forth the results of certain tests made 
upon a rectangular flat plate exposed to normal pressure 
over its surface. The plate formed one of a series, of 
varying thickness, experiments upon which were begun 
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Scale Divisions. 

1Scale Division 
(so73.8) ~ 002032inch. 
subject, and expressed his sense of the necessity for 
experimental a as a supplement to mathe- 
matical analyses. Contributions have also been made 
by Professor _ and b 
of the Russian Navy, and Dr. Bruhnj| has made a 
most valuable contribution to the literature of the 
subject in a — before a sister society in which he 
investigated and combined mathematically the effects 
of bending and stretching. These, and some others 
that might be mentioned, have no doubt their value 
as practical approximations useful for purposes of 
comparison, but in so far as they proceed on the assump- 
tion that the Pisting may be divided into independent 
strips they fail entirely to provide any information on 


Lieutenant Boobnoff,§ 





* “Strengthof Bulkhead Plating.”” By T. Read. Trans. 
I.N.A., vol. xxvii, 1886; Enorveertna, vol. xli, p. 445. 
t ‘‘Some Considerations Relating to the Strength 
of Bulkheads.”” By F. Elgar. rans. I.N.A., vol. 
xxxiv, 1893; Enomuverrina, vol. lv, pp. 370, 427. 
“On the Theory of Thin Plating and its Applica- 
bility to Calculations of the Strength of Bulkhead 








in the autumn of 1910 and which have been prosecuted 
since, as opportunity and leisure permitted. The 
experiments, which were conducted in the engineering 
department of the West Ham Technical Institute, 
where facilities were kindly provided under the direction 





* Paper read before the Institution of Naval Archi- 
tects. 


| Plating and Similar Structures.” By G. H. Bryan, 
M.A. Trans. I.N.A., vol. xxxv, 1894. 
Sy On the Stresses in a Ship’s Bottom Plating due 


| to Water Pressure.” By Ivan G. Boobnoff. Trans. I.N.A., 
| vol. xliv, 1902; Ewemgertne vol. lxxiii, Pp. 384, 390. 
| ‘Methods of Estimating the Strength of Ships.”’ 


By J. Bruhn, D.Sc. Trans. Institution of Engineers and 
| Shipbuilders in Scotland, vol. xlviii, 1904-5. 
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the states of stress actually exist'ng, A strip of thin although Professor Bryan, in the paper above 
plating in a bulkhead or other similar structure may | mentioned, has given a simplified account, very 
perhaps be represented at some stage in the straining | useful to the engineer, of Kirchhoff’s mathema- 
action by a catenary for example, as Mr. Read supposed, | tical work. e mathematician provides us 
but as the constraint of the adjoining layers of plate with the differential equation of the bent sur- 
has been entirely neglected the results based on such | face of the plate*, a solution of which; -satis- 
an assumption cannot be accepted. | fying the boundary conditions, will determine 

The attention\of mathematicians has been directed | the deflection at any point in terms of its co-ordinates, 
for many years to the investigation of the stresses in but such a solution cannot be found except in the case 


a sheet of plating subject to flexure. Those interested , of a circular or elliptical disc, and we must therefore fall 
in these investigations may be referred to Todhunter! back upon the records of actual experiment. 

and Pearson's “* History of the Elasticity and Strength! In regard to experimental work an extensive search 
of Materials,” article 474 e¢ seg., and vol. ii, part ii,| reveals onl 
— 1232 et fet. R modern cape X.. the | - n m7 a 
mathematics of the subject will be found’'in Thomson; *s os ihadl oe. : nt ; 
and Tait’s “‘ Treatise on Natural Philosophy,” part i, 4 dat wg a x + dys » seen 
article 627 et seq. These mathematical investigations,|z is load on unit area at point z, y. 
however, do not make any appeal to practical men,| Tait, Part II, page 185. 


y two sets of investigations on the subject. 





Thomson and 
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One of these is an experimental research on the elastic 
strength of flat plates by W. J. Crawford,* and 
|eonsists of a series of experiments on planished steel 
plates of very small size and thickness, the scale of 
these being too small to enable any inference to be 
| drawn as regards practical conditions. The experimental 


-| work always referred to in this connection is that of 





* “The Elastic Strength of Flat Plates.” 
Crawford, B.Sc. 
1911-12. 


By W. J. 
Proc. Royal Society of Edinburgh, 
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over the whole plate by means of a specially made 
pair of callipers, and the mean thickness found to be 
0.73 in. Strips were cut both lengthwise and crosswise 
from the plate, and were tested to find the value of 
Young’s modulus (E) by both direct tension tests and 
bending tests (Fig. 2, page 35). The value of Poisson’s 


ratio, P* was also found directly by means of the 


strain-meter to be afterwards described. The mean 
value of E was found to be (30.5 x 106 in.) lb. and the 
value of Poisson’s ratio (Fig. 3, page 36) was found 


1 
to be 2. 
om oe 


The frame in which the plate was fixed is shown in 
Figs. 3 and 4, page 36. It consists of three iron 
castings bolted together in the manner shown, The 
top and bottom parts are of dimensions 6 in. by 5 in. 
and the distance piece, separating the two plates A 
and B, is 7 in. broad by 3 in. in depth. The top plate 
A is that upon which observations were taken, and 
the bottom plate B, forming the lower boundary of 
the water space, is permanent. The total depth of 
the frame is therefore 16 in., its breadth is 6 in., and 
these dimensions were adopted not only to provide 
great fixity along the plate edges, but also to eliminate 
as far as possible any sensible distortion of the frame 
when the pressure was applied. That this distortion 
was inappreciable, having regard to the order of 
accuracy achieved in the experiments, was demonstrated 
by a series of observations. 

The frame was provided with a travelling bridge, 
also shown in Fig. 4, to which was attached t 
instrument for measuring deflections. The bridge 
traversed the length of the plate and ran in a V-sha 
groove pinned to the upper surface of the frame. ll 
bearings were provided in the lower surface of the 
Eo (see Figs. 3 and 4, ge 36). The top surface 
of the bridge had also a V-shaped groove fitted, in 
which ran the ball bearings of the bracket to which 
was attached the apparatus for the measurement of 
deflection. This is shown in Fig. 5, ge 36, and 
consists of a bracket, to the top of which is attached 
&@ microscope with a scale engraved in the eyepiece, 
while to the bottom is pivo a bent lever, the hori- 
zontal arm of which is fitted with holes for the accom- 
modation of a micrometer gauge A with its rounded 
lower end resting in the cup-shaped socket worked in 
the upper end of the vertical spindle B. The vertical 
arm of the bent lever carries a sheet of glass on which 
a fine line is engraved, and the effect of the deflection 
of the pe under pressure is to displace this line across 
the field of the microscope, when the amount of the 
deflection may be measured in scale divisions. The 
instrument is calibrated by means of a micrometer, 
the vertical displacement of the spindle as measured 
by the micrometer being related to the number of 
divisions of the eyepiece scale, as observed, and the 
value of one division of the eyepiece scale bein 
determined. In practice the instrument was foc 
and then permanently fixed and calibrated. The mean 
of a series of observations showed that one division 
of the eyepiece scale (and of course it was possible 
to read to one-tenth of a division) represented a vertical 
displacement of the spindle of 0.000875 in. 

ig. 6, page 36, shows the general arrangement of 
the testing apparatus. The was obtained 
means of a three-crank hydraulic pump worked by 
hand and was measured with great accuracy by means 
of a Crosby gauge tester (Fig. 7, e 36) with differ- 
ential adjustment. A shut-off cock allowed the pressure 
to be retained at any value for an indefinite period. 

The work of obtaining deflection measurements from 
the plate corresponding to given pressures was simple 
but tedious. Observations were taken over the whole 
of the plate in order to ascertain the differences caused 
by local variations in the thickness and in the surface, 
and in the h t of the mate 
throughout the depth, the plate being, as above stated, 
® portion of an ordinary shipbuilding shell plate. It 
was found that the differences in the observed deflections 
due to these causes were exceedingly small and could 
reasonably be neglected, and this is shown by the 
plotted results. In the subsequent work of strain 
measurement and the determination of the principal 
axes of strain and stress one quadrant only of the plate 
was considered. After adjustment of the instrument 
for any given station on the plate the pressure was 
increased by small increments from zero to 50 Ib. per 
square inch, and the corresponding microscope readings 
were taken. In some cases the readings were also 
taken for eaery diminishing pressures, and in 
all cases the return zero reading was checked with 
that at the starting-point. These results were plotted 
in terms of pressure for each station, and they are 
shown in Figs. 8-13, page 37, and an examination 
of these shows that in every case the relation between 
pressure and deflection is constant that is, the effect 
of stretching or vaulting of the plate is inconsiderable 
for this thickness and span. 


(To be continued.) 











Stream Carco WincHEs OF THE “ AuRANIA.”—In such 
& vessel as the Cunard liner Aurania, which we illustrated 
in the previous volume of ENGINEERING, page 609, the 
winches and windlass equipment is always of interest. 
These were supplied by Messrs. John H. Wilson and Co., 
Limited, of ates ge and it may be said that of horizon- 
tal double-geared winches there were six with cylinders 
of 8 in. by 12 in., three with cylinders of 7 in. by 10 in., 
and two with cylinders 12 in. by 16 in., in addition to four 
single boat winches, with extended ends, with cylinders 
6 in. by 8in. The steam windlasses were designed for 
2 tjin. cables. 





THE CALCULATION OF THE HEATING 
SURFACE OF BOILERS FOR LOCOMOTIVES. 


Tere has been from time to time some slight difference 
in the method of calculating the heating surface of 
locomotive boilers. A little time ago the Association 
of Railway Locomotive Engineers appointed a com- 
mittee to investigate the matter, and decided that the 
method to be employed by the members—to be known 
as the “ Association of Railway Locomotive Engineers’ 
method of calculating the heating surfaces of loco- 
motives ’’—should be as follows :— 

Fire-boxz—The outside (wetted surface, of inner 
fire-box plates to be taken to top of foundation ring. 
Areas of tube holes and qoctionat area to wetted side 
of fire-hole ring, or flanged plate, as the case may be, 
to be deducted ; section of fire-hole being taken close up 
to the inner fire-box plate. 

No deductions to made for copper stays or roof 
stays. If the boiler has fire-box water tubes the surface 
to “ taken on the inside (wet side) of tube. 

Tubes.—The outside surface of tubes (wet side) to be 
taken, calculated on uniform diameters for both ordinary 
and superheater tubes ; the length of tube being taken 
between tube plates. 

Elements.—The inside surface (steam side) of elements 
to be taken, the effective length of tube being from and to 
smoke-box end of large flue tube. 

Smoke-box Tube Plate.—No allowance to be made. 





PeEeRsoNAL.—Messrs. Ruston, Proctor and Co., Limited, 
Lincoln, inform us that they have moved their London 
office from 46, Queen Victoria-street, E.C., to West 
Africa House, Kingsway, W.C. 2.—Mr. James A. Good- 
wyn, Mr. John H. W. Pawlyn and Mr. Victor W. Bone 
have joined the board of Messrs. Ransomes, Sims and 
Jefferies, Limited, Ipswich, as managing directors. They 
have been sonpenstat members of the staff for many 
years. 





Tue Late Mr. THomas WHARTON Forp.—We regret 
to have to announce the death, which occurred on 
Sunday, the 8th inst., at his residence 19, Edith-grove, 
Chelsea, of Mr. Thomas Wharton Ford. Mr. Ford 
was born on May 28, 1868, and received his scientific 
training at University College, London. He then served 
his pupilage under Mr. James Holden from 1885 to 
1889. Subsequently Mr. Ford entered the offices of the 
Great Eastern Railway Company, Stratford, and was 
three years in the drawing office, acting, later, for two 
years in the capacity of departmental manager and 
two and a half years as inspector of material both at 
Stratford and at the contractors’ works. During his 
three years in the drawing office he was for a few months 
connected with the competitive trials between compound 
and simple expansion locomotives. In 1897 he com- 
menced working on his own account in Victoria-street, 
and represen the interests of some large Sheffield 
manufacturing concerns. In 1899 Mr. Ford entered into 
partnership with Mr. John P. O’Donnell, Palace- 
chambers, Westminster, when he visited the United 
States and secured the patents relating to compressed 
air and pneumatic machinery, in connection with which 
a company was formed of which he was appointed 


by | managing director and technical adviser generally. In 


the year 1904 he was appointed director of the British 
Pneumatic Railway Signal Company, Limited, whose 
application of low-pressure system of pneumatic signalling 
we described in a former issue (ENGINEERING, vol. 
lxxxii, 417). In 1908 Mr. Ford was ym ey 
manager of the London office of Messrs. Craven Brothers, 
Limited, Manchester and Reddish, manufacturers of 
machine tools, cranes, &c., a position which he retained 
until his death, together with that of consulting engineer 
in the matter of compressed air machinery. Mr. Ford 
was a member of the Tnstitution of Civil Engineers and 
of the Institution of Mechanical Engineers. 





Tue British Assoctation.—The Council of the 
British A iation anno some time ago that 
they had been obliged to cancel this year’s meeting, 
which was to take place at Bournemouth, after consulting 
the prospective hosts, the Bournemouth authorities, 
and Fis ajesty’s Government. This is the first time 
since 1831 that the British Association has not been 
able to assemble, and we sincerely hope Sir Arthur 
Evans, president of the Newcastle meeting of 1916, 
would have vacated the chair at Seemameath in favour 
of the president-elect, the Hon. Sir Charles Parsons. 
It has been resolved that Sir Arthur Evans will remain 
president for this year, and that Sir Charles, Parsons 
will preside over the meeting to be held at Cardiff in 
1918; the date is not yet fixed. In reluctantly with- 
drawing the invitation for 1917 Bournemouth had 
expressed the wish soon to entertain the Association ; 
the invitation has since been renewed and accepted for 
1919. When members were informed of the abandon- 
ment of this year’s meeting they were reminded that 
the Association depends mainly upon the members’ 
subscriptions for maintaining the machinery of the 
Association and for supporting by grants the researches 
carried out by various committees. These grants had 
much to be cut down, of course, this year ; in this respect 
it is almost fortunate that a number of committees have 
not been in a position to continue research during war 
time, and that others have been absorbed into national 
committees. Section G, Engineering, did not claim any 
grant; Section A, Mathematical and Physical Science, 
received 1001. for seismological investigations; and 
Section B, Chemistry, 17/. for the committees on 
capillary chemistry and non-aromatic compounds, 
Several of the other sections did not apply for grants. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—In the steelmaking industry the 
prevailing note is still that of ceaseless activity, every 
effort being made to effect a certain clearance of wor 
before the Sholidays commence at the end of this week. 
To attain this end and keep things going on as satisfactory 
a basis as possible, manufacturers have striven to increase 
the already abnormal output and so decrease the arrears 
which have steadily accumulated. One remarkable 
feature of steel production recently is the manner in 
which, in numerous instances, the demand for certain 
classes of material has advanced while that for others has 
diminished, so that the top level rate is well maintained. 
Thus the production of plates, sections, angles and other 
shipbuilding material now occupies a very prominent 
position, every variety being in exceptionally heavy 
demand. Steel for shell bars is also in urgent request, 
and in every direction Government orders have complete 
preference. During the holidays opportunity will be 
taken to overhaul plant and machinery, upon which so 
severe a strain has been put within the past few months, 
and to execute all necessary repairs. 


Malleable Iron Trade.—In the malleable iron trade 
makers continue to be faced with the difficult problem 
of satisfactorily meeting all the A4emands put upon 
their resources. Production remains on a high level, 
but Government alone can easily absorb the entire 
output, the naval and military requirements becoming 
more and more urgent as time goes on. There is thus 
little or no material available for the use of ordinary 
home consumers. The prohibition of the export of 
steel and the Government demand for iron have practi- 
cally shut the door on overseas trade in the meantime. 


Scotch Pig-Iron Trade.—The demand for Scotch pig- 
iron of all grades shows no diminution, hematite still 
leading the way, every ton produced being quickly 
swallowed up by the local steel works, while the iron 
works as speedily absorb the entire available output of 
foundry quality. The end of the week will see a general 
damping down of the blast-furnaces on account of the 
Fair Holidays, so that a bold effort is being made to 
overtake delivery of all arrears by Thursday at latest. 
No change has taken place in home prices, and those 
for export keep firm. 


Glasgow and Inland Waterways.—A very ietentins 
event in connection with the Inland Waterways an 
Docks Section of the Royal Engineers has just taken 
place in Glasgow through the patriotic generosity of a 
noted West of Scotland firm, Messrs. P. and W. Ander- 
son, builders and contractors, Douglas-street, Glasgow, 
who have offered to the Government the use of their 
entire organisation and plant for the purpose of the 
carrying out of important constructional work for this 
valuable branch of the Army. Needless to say the 
offer was gladly accepted, and recruiting for the corps 
is rapidly being pushed forward at Bristol. It is perhaps 
unnecessary to say that the transference of such a 
magnificently equipped business to the service of the 
nation is probably unique in Army annals, and will no 
doubt be valuable beyond measure. 





NationaL WELFARE AND Economy EXxXuHIsITION.— 
This exhibition, which is being held in the new County 
Council Hall, Westminster Bridge, 8.E., and is to 
remain open until August 11, contains a large number 
of exhibits of general interest. The display made by 
the Ministry of Munitions will appeal more especially 
to our readers. This contains a collection of projectiles, 
guns, &c., lent by various departments of the Ministry ; 
a display of wire screens and machinery guards, patent 
seats, lockers, washing troughs and other works furniture 
by the Crittall Manufacturing Company, and a “shell 
and fuse factory,” with assembling room, illustrating 
the manufacture of shells and fuses. 





TusiInc ror Etectric Wrires.—In a recent issue of 
the Electrical World Mr. R. Radcliffe describes the 
following plan of making tubing for the protection of 
electric wires :—‘‘ Coat astraight brass or iron rod heavily 
with melted paraffin and allow it to cool. Then mix 
one part of plaster of Paris with two and one-half parts 
of water, adding a small quantity of lime. Tear muslin 
strips 1 in. wide and dip in the mixture. After allowing 
them to absorb all they will hold, wind them — oe 
around the rod, working slantwise, end to end. Enoug 
layers may be applied to give the desired thickness. 

en the plaster is thoroughly hardened beat the metal 
core until the paraffin is — enough to permit removal 
ofthe rod. Tubing made in this way is a non-conductor, 
heat-resisting, slightly flexible, and can be cut into 
desired lengths with a hacksaw.” 





Tue Instirvre oF Mertats.—The Council of the 
Institute of Metals announce that an extra election of 
members will take place on July 18. Those desirous of 
applying for membership of the Institute are invited to 
write to the secretary of the Institute, 36, Victoria-street, 
Westminster, 8.W. 1, for a copy of the new membership 
booklet, comprising 88 pages, which includes an up-to- 
date list of the Institute’s 760 members. The membership 
of the Institute has recently shown a very considerable 
increase, more additions to the roll having been made 
during the past six months than in the previous three 
years. A new financial year of the Institute commences 
this month. The annual autumn meeting of the 
Institute of Metals will be held on Wednesday, Sep- 
tember 19, in the rooms of the Chemical Society, Bur- 
lington House, London, W. 1. Many interesting papers 
will be submitted for discussion. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—Details of the coal traffic at the 
Humber port are not very informative, and once again 
no returns are available of the tonnage sent abroad. 
There are few cases where collieries have sent a larger 
tonnage than last year, though the fluctuations are of a 
considerable character and represent the demands made 
upon the individual firms from the authorities. The 
chief contributing firm, Denaby and Cadeby Main, with 
a total of 24,863 tons, has sent nearly 20,000 tons less than 
in June a year ago; whilst Grimethorpe and Frickley 
pits, usually a strong second on the list, have sent only 
6,974 tons. Two firms, Bullcroft and Acton Hall (a 
West Yorkshire pit), have, in addition to Denaby and 
Cadeby Main, sent over 10,000 tons, the former show- 
ing an increase of about 5,000 tons. On the other hand, 
Askern Main has an increased tonn of 4,500 tons, 
while Brodsworth, Bentley and Bullcroft Collieries have 
sent approaching 3,000 tons less each, 

South Yorkshire Coal Trade.—The principal demand 
is for the larger sorts of manufacturing fuel, though there 
is no falling-off in any of the other branches. Still, 
collieries seem to be more concerned to give full supplies 
of the class named, for the inland consumption alone is 
very heavy. Cobbles, too, are in big request, and for 
steam nuts there is an active inquiry. The gas coal 
market has the same tight tone which has characterised 
it for the past few weeks, and companies are unable to 
obtain the full amount on their contract orders. The 
open market business is practically at a standstill, 
for supplies are barely sufficient to cover contracts. 
Export business is also much below what was for- 
merly the case, though the tonnage for Allied Powers 
and Government is by no means a small figure. The 
house coal market is busy with orders for stocking 
purposes, but there is some danger of arrears being 
more than dealers and depots can cope with in view of 
the stringency of supplies. Quotations :—Best branch 
hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best Silk- 
stone, 18s. 6d. to 19s. 6d.; Derbyshire best brights, 
18s. 6d. to 19s. 6d. ; Derbyshire house coal, 17s. to 18s. ; 
best large nuts, 16s. 6d. to 17s. 6d. ; small nuts, 15s. 6d. 
to 16s. 6d.; Yorkshire hards, 16s. 6d. to 17s. 6d.; 
Derbyshire hards, 16s. to 17s. ; best slacks, 12s. to 13s.; 
seconds, 10s. 6d. to lls. 6d.; smalls, 7s. 6d. to 8s. 6d. 
per ton at the pit. 


Iron and Steel.—The pronounced activity continues 
unabated, and the general demand for steel is pro- 
ducing a condition of stringency 
This leads to further difficulties for those who are 
anxious to get steel for other than direct war work. 
The output of wire and wire rods is being restricted 
by the shortage of material, but there are confident 
hopes that this will be made good in the course of the 
next few days. Almost the whole of the production 
of the Sheffield furnaces is now stated to be of the 
acid brand, and basic qualities are being obtained 
from outside. This change is regarded as part of the 
scheme of the Ministry of Munitions for concentrating 
at one particular spot the production of what the given 
district is most capable of. The result has been, in 
Sheffield, to permit of a larger output of the very neces- 
sary acid billets than would have been the case without 
co-ordination. The basic deliveries are also on a good 
scale, which points to a similar successful achievement 
elsewhere. Progress is recorded in the output of pig- 
iron. Derbyshire makers find Sheffield firms their chief 
consumers, and there is a demand for all they can put 
on the market. More furnaces are being converted to the 
production of the basic quality, but there is now a more 
regular amount of both forge and foundry iron finding 
its way to the works. With the inquiry so brisk it is 
not in the least surprising to find that the prices remain 
at the maximum all round. Heavy foundries are nw | 
with castings of a rather important character. Shell 
shops are not so hard pressed as formerly, for there is a 
much easier tone in this section. The contrary is the 
case with aeroplane work, which is being speeded-up in 
a manner reminiscent of the days when there were cries 
of ‘shell shortage.” Railway steel orders are gradually 
growing in size, and more tramway work is coming to 
hand. Contracts have been p' here by municipal 
undertakings for the early delivery of manganese points 
and crossings. The general level of the foreign and 
Colonial trade is good. Indeed, the demand on the part 
of the Colonies for steel of all descriptions is one of the 
heaviest yet recorded. Other branches would be in 
proportion if it were not for the question of labour and 
material here at home. 





Coat Transport ReorGanisaTion ScHEME.—The 
Controller of Coal Mines has announced that a scheme 
is to come in operation on September 10 whereby it 
is estimated to save no less than 700,000,000 ton-miles 
annually in the transport of coal by railways. Maps 
have been prepared showing that Great Britain has been 
divided into 20 areas; the scheme relates solely to 
that portion of the coal which is being transported from 
area to area for inland consumption. In the various 
areas District Coal and Coke Supplies Committees are 
sitting as the Controller's representatives in all matters 
relating to coal, and these Committees have been 
empowered by the Controller to conduct the necessary 
arrangements for putting the new scheme into force. 
Collieries in each area will thus be placed in direct 
touch with the factors, merchants and direct consumers, 
whose supplies they will have to provide in future. The 
scheme does not affect water-borne coal, either export, 
coastwise or bunkers, anthracite or coke of any descrip- 
tion. The offices of the Controller of Coal Mines are at 
8, Richmond-terrace, Whitehall, 8.W. 1. 


in the market. |¥ 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Though home trade in 
Cleveland pig-iron is quieter, owing to consumers here 
being well bought under the July allocations, and 
demand on behalf of customers north of the Tweed 
being small in consequence of the Scottish holidays, the 
market presents no sign of weakness. Notwithstandin, 
prolonged strain, furnaces are working admirably, with 
the result that good proportions of the better qualities 
of pig-iron are being produced. Export prospects may 
be said to be satisfactory, as iron is plentiful and the 
tonnage situation is improving, so that heavier shipments 
to our Allies are looked for, American export prohibi- 
tions threaten to terminate the intermittent trade 
between America and Scandinavia which merchants here 
have been transacting under Foreign Office licences. 
For home consumption No, 3 Cleveland pig, No. 4 
foundry, and No. 4 forge are all quoted 92s. 6d., and 
No. 1 is 96s. 6d. ; whilst for shipment to France and to 
Italy No. 3 is 102s. 6d., No. 4 foundry 101s. 6d., No. 4 
forge 100s. 6d., and No. 1 107s. 6d 


Hematite Iron.—There is intense demand for hematite 
iron both on home and foreign account. Under strict 
official supervision deliveries to customers reachable by 
rail continue on an adequate scale, and further negotia- 
tions for sales to home buyers are proceeding. Ship- 
ments against running contracts are fairly satisfactory, 
but there are still obstacles difficult to overcome in the 
way of new export business, not the least among them 
being the question as to price and delay in allotments. 
Export quotations are more or less nominal. Nos. 
1, 2 and 3 are 122s. 6d. for home use, and are put at 
137s. 6d. for shipment to France and 142s. 6d. for export 
to Italy. 


Foreign Ore.—A fair amount of business in foreign ore 
has been put through lately, and imports show some 
improvement. 


Coke.—Local demand for coke continues heavy, and 
descriptions needed for the local blast-furnaces still 
command fixed maximum rates, average kinds selling 
at 28s. at the ovens, and low phosphorus sorts remaining 
at 30s. 6d. at the ovens. 


Manufactured Iron and Steel.—There is no abatement 
in the demand for finished iron and steel, and to meet 
the Government requirements and the needs of the ship- 
ards manufacturers are working at very high pressure. 
Little material is left over for sale in the ordinary way of 
business. Prices are very stiff. To home customers 
common iron bars are 13/. 15s.; best bars, 141. 2s. 6d. ; 
best best bars, 141. 10s.; iron ship plates, 151. 10s. ; 
iron ship angles, 13/. 15s. ; iron ship rivets, 181. ; packing 
iron and steel (parallel), 13/.; packing iron and steel 
(tapered), 15. 5s. ; steel bars (no test), 141. 108.; steel 
ship plates, 11/. 10s.; steel ship angles, 11/. 2s. 6d 
steel ship rivets, 20/. and upward; steel boiler plates, 
121. 108. ; steel joists, 11/. 2s. 6d. ; steel strip, 17/.; steel 
hoops, 171. 108.; and heavy sections of steel rails, 
101. 178. 6d. 


Blastfurnacemen’s Wages Advanced.—The average net 
selling price of No. 3 Cleveland pig-iron for the quarter 
conte une 30 last having been certified at 948. 4.91d. 
per ton, as compared with 89s. 8.76d. per ton for the 
previous three months, under sliding scale arrangements 
North-East Coast blastfurnacemen’s wagés are advanced 
by 6 per cent., raising them from 72 per cent. above the 
standard to 78 per cent. above the standard, 


Consett Steelmakers’ Wages.—The secretaries to the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England, 
in a return based upon the accountant’s ascertainment 
of the average net selling price of steel plates at Consett 
during the months of March, April and May, report that 
under sliding scale arrangements wages of steel millmen 
remain the same this quarter as during the preceding 
three months, viz., at the rate of 624 per cent. above 
the standard. Since the commencement of the war 
Consett steelworkers have received advances equivalent 
to 47} per cent. 

Cleveland Miners’ Wages.—A conference of Cleveland 
ironstone mine owners and miners’ representatives have 
agreed that the present district percentage of 95.25 be 
converted into 105 per cent., inclusive of war bonus. 
The advance takes effect from the 23rd inst. 





Petro. Suppiies For ComMerctat Motor VEHICLEs. 
—The Commercial Motor Users’ Association has for some 
time past been in communication with the Petrol Control 
Committee, and more recently with the Petrol Control 
Department of the Board of Trade, with a view to 
assistance being rendered to those of its members who 
have been most seriously affected by the further curtail- 
ment in petrol supplies. A special committee of the 
association, which was appointed to draw up a memoran- 
dum on the subject for submission to the Petrol Control 
Committee, was eventually received as a deputation, and 
was successful in arranging that, in cases where the 
association, after thorough investigation, is satisfied 
that a member engaged on war work or on work of 
national importance is suffering muine hardshi 
through insufficient supplies of petrol, such cases will, 
on the recommendation of the association, receive further 
consideration by the Petrol Control Department. Cer- 
tain detailed information must be forwarded, in the 
first instance, to the association. Particulars may be 
obtained from Mr. F. G. Bristow, F.C.1.8., the secretary, 
83, Pall Mall, 8.W. 1. 





NOTES FROM THE SOUTH-WEST. 


Cardiff—Interest continues to be centred almost 
exclusively on the conditions which now govern the 
buying and selling of coal on the market under the 
Coal Controller's new fixed prices scheme. The Classifi- 
cation Committee comple its work this week, and it 
is understood that it will be sent immediately to the 
Coal Controller for his approval. The difficulties over 
which the market is concerned, however, are those which 
must almost inevitably arise out of the scheduling. 
For example, in the South Wales area no fewer than 
40 collieries are producers of ca smalls, for which a 
uniform price of 20s. is fixed. With b i so dep d 
as it is now, orders will almost necessarily go to the 
few collieries at the top of the list, so that while the few 
may have a modest feast of business, others—and perhaps 
the ae have to suffer from something 
approaching @ famine. Similar questions will arise over 
the practical working of the list in regard to large coals, 
while in regard to the supply of bunkers, shipowners 
will have peculiar grievances of their own. On Wednes- 
day a letter was posted up on 'change, which had been 
received from Mr. E. J. Elliott, of the Central Coal 
Exports Committee, explaining that where the exporter 
has any difficulty in stating precisely the grade of coal 
that he may be able to ship he may state that the coal 
is to be shipped from a certain range of the classes 
specified in the schedule of prices “‘ at the price prescribed 
in the schedule,”’ but that in this connection it should be 
noted that the latitude to be taken must be reasonable, 
and also that a men close indication as to the collieries 
or groups of collieries from which the coal will be drawn 
should be given. This explanation will at any rate 
ease matters for the time being, but the feeling on the 
market is anything but optimistic as to the prospects. 
Pitwood is easy at from 65s. to 70s. and patent fuel 
quotations are ruling up to 32s. 6d. 


Newport.—The position of the market in regard to 
Newport coals is unchanged. The Monmouthshire 
collieries at the moment, however, are fairly well supplied 
with sone and employment in the Western and 
Eastern Valleys is good, but the arrivals during the middle 
part of the week were not so numerous as they were 
over the week-end, with the result that the supply of 
empty wagons is again falling off. The amount of new 
business passing is infinitesimal and is restricted by 
the uncertainties prevailing as to the practicability 
of the fixed prices scheme. 


Inland Coal Supplies.—Interest on the Cardiff Exchange 
in the Coal Controller’s scheme for the distribution of 
inland supplies has been limited by reason of the fact 
that the production of coal for inland consumption is 
one of the less important features of the coal trade of 
South Wales. Approximately between 35,000,000 tons 
and 40,000,000 tons of the total of the Welsh collieries 
is either exported as cargo to foreign destinations, 
consumed as bunkers, or shipped coastwise, and all these 
coals, as well as anthracite, are excluded from the scope 
of the new distribution scheme. 


Welsh Railway Fusion.—The appointment of Mr. 
E. F. Prosser to the general managership of the under- 
takings of the Taff Vale, Rhymney and Cardiff Railway 
companies has been generally interpreted as a step in 
the direction of a closer understanding between the eave 
concerns which convey from the pits to the docks nearly 
the whole of the coal exported from Cardiff. The 
appointment possesses a significance the importance of 
which will only be realised in the future, when the 
considerations which have determined the appointment 
have been crystallised into a definite working agreement, 
and when that agreement has been put into operation. 
The three companies have not yet settled the details of 
the scheme of fusion or co-operation in the control, but 
the main principles have been agreed upon. 








GASHOLDER AT THE ToTTEeENHAM Licut, Heat AND 
Powrer Works—Erratum.—In our last week’s issue, 
at page 7, we stated that the tank for the gasholder was 
constructed by Messrs. Cyrus Robinson and Co., of 
Queen Anne’s Chambers, Westminster. The name 
should have been Messrs. R. Robinson and Co., of that 
address. We regret the error. 





Repvuction in Ace Liutr ror Drivine Licences.— 
In view of the constantly increasing shortage of drivers 
of commercial motor vehicles, the Commercial Motor 
Users’ Association has had under consideration, since 
the end of 1915, the desirability of the temporary lower- 
ing of the minimum age for the holding of motor car 
driving licences, subject to satisfactory safeguards in 
the public interest. The association again recently 
brought the matter to the notice of the Government 
authorities, and has now, on the request of the Local 
Government Board, submitted a memorandum on the 
subject. The association suggests, inter alia, that such 
licences shall only be issued on we following conditions, 
and that such modification of the Motor Car Act shall 
be effected as a temporary war measure, under the 
Defence of the Realm Regulations, or by other Order, 
and not by any general alteration of the Motor Car Acts:— 
(a) That the licence shall only be issued to a male person 
between 16 and 17 years of “ge on the written certificate 
of an intending mY that the applicant is a fit 
person to be li . (b) That the licence shall bear 
the name of such employer, and shall not be valid in any 
other employment or in respect of the driving of public- 
service vehieles. (c) That the licence shall be a pro- 
visional one, available for an initial period, and shall be 
subject to confirmation at the end of that period only 
if the employer furnishes a written confirmation of the 
original application. 
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THE CORROSION OF CONDENSER TUBES. 


(For Description, see Page 44.) 
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THE HARLEM RIVER SUBWAY TUNNEL, NEW YORK. 


THE ARTHUR McMULLEN AND HOFF COMPANY, CONTRACTORS, NEW YORK. 


(For Description, see Page 32.) 











Fic. 15. Tuses 1n Course or Construction at Contractors’ YARD. 

















Fie. 16. Tuses ty Course or Construction at Contractors’ YARD. 
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THE HARLEM RIVER SUBWAY TUNNEL, NEW YORK. 


THE ARTHUR McMULLEN AND HOFF COMPANY, CONTRACTORS, NEW YORK. 


(For Description, see Page 32.) 








~\< 


of) 
é 


LMU ENG 


ec RBG” PETE 














Fic. 18. Dipper DREDGE wiTH 7-YARD BUCKET. 





























Fie. 19. Rocx-DriitimG PLANT. Fic. 20. Rock BRouGHT uP BY DippER-DREDGE wiTH 7-YARD BUCKET. 
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JOINT STANDING INDUSTRIAL 
COUNCILS. 

Tue Reconstruction Committee has referred to 
its Sub-Committee on Relations between Employers 
and Employed “to make and consider suggestions 
for securing a permanent improvement in the 
relations between employers and workmen, and to 
recommend means for securing that industrial 
conditions affecting the relations between employers 
and workmen shall be systematically reviewed by 
those concerned, with a view to improving conditions 
in the future.” As an instalment of its work the 
sub-committee hag presented an interim report 
recommending that Joint Standing Industrial 
Councils should be formed, to which in effect should 
be entrusted the supreme control of every organised 
industry and of every works that it includes. 
It is suggested that these councils, together with 
district councils and works committees to co-operate 
and be co-ordinated with them, should be composed 
of equal numbers of representatives of trade unions 
(on works’ committees, of employees elected as 
may be agreed by the unions) and of employers’ 
federations ; and the Government is urged without 
delay to request these bodies to adopt measures 
for establishing such councils. 

Such proposals for the control of industry are not 
new. They were developed, for example, very 
elaborately in what is known as the Garton 
Memorandum, published last autumn, and have 
given rise to much discussion in political and 
academic circles. So long as the discussion was 
confined within such limits, it was not a matter of 
immediate consequence for engineers to take an 
active part in it. Their hands were full enough 
already with the country’s work, Now, however, 
that the Government is proposing to translate these 
schemes into administrative and, as is not obscurely 
implied in the report, ultimately into legislative 
action, engineering industries have a practical 








interest in them that can be no longer ignored. It 
is the stronger because, if such schemes. became 
law or even accepted practice, they would impose 
on the trades concerned conditions of working that 
are neither immediately obvious from the terms of 
the proposals, nor are plainly avowed by their 
official supporters. They would subject those trades 
and every firm and man in them, workman or 
employer, unionist or non-unionist, to the final 
control of the trade unions. 

This is by no means a mere reversion to pre-war 
conditions. Union shops were carried on before 
the war, in which non-unionists were not allowed 
to work; but side by side with them were free 
shops, in which no union test was enforced, and 
non-union shops, from which unionists were ex- 
cluded. When the Government decided that to 
restrict the output of munitions should be made 
unlawful, it coupled its proposals with a guarantee 
that the suspension of trade union conditions during 
the war should not prejudice either employer or 
employed after it was over. By this guarantee the 
State is bound; and as it stands, the free shops 
and the non-union shops must resume their original 
freedom to admit non-unionists and exclude the 
union, while the union shops must revert to their 
original customs, except to such extent as the men 
in each shop may agree with their employers that 
they are to be varied. 

It will be seen that the present proposals in 
effect wipe out the free and the non-union shops 
altogether. Although before the war the unionists 
in the engineering trades can have included no 
more than perhaps half the number of the non- 
unionists, the control of every individual shop, of 
every trade-district, and of every trade, is to lie in 
the hands of bodies composed half of representatives 
of the trade unions and the other half of those of 
employers’ federations. The equal representation 
of unions and federations does not give equality of 
power. An employer has at stake the accumu- 
lated earnings and investments that represent the 
capital of the enterprise for which he is responsible, 
apart from his common interest with the men in 
its income for the time being, with which alone 
they are concerned. In addition he both has the 
keener sense that his training has taught him of 
the danger of contest in the face of external com- 
petition, and lacks the men’s occasional incentive 
of thinking that it is time to take a holiday and 
get a bit of their own back out of their union 
subscriptions. By pressing their demands just up 
to the point at which the employer ean afford 
better to concede than to fight, the unions would 
constantly have the opportunity of extorting from 
his necessities what they could not demand justly ; 
and for this purpose they could at any time use 
the power to create a deadlock on whatever point 
might be in question. - 

The control is to extend to every branch of 
manufacture. Eleven heads are given in the report 
to illustrate but not to exhaust the list of the 
subjects with which the councils are to deal, 
and these include improvements of processes, 
machinery and organisation; matters in which, 
if management has any skill and any responsibility 
at all, it should have the final decision and 
give the benefit of its undiluted skill. They 
include, likewise, not only the decision of the 
standard wages, a natural subject for the con- 
sideration of such bodies if they exist, but also 
of piece-work rates, which clearly must or should 
vary from shop to shop according to its indi- 
vidual circumstances. No workman who is not 
a unionist and no employer who does not belong to 
the federation is to be represented on these councils ; 
and no agreement at which councils, either national 
or district, may arrive may be varied even by a 
works committee in its own works. The whole 
trade in gross and in detail is to be bound hand 
and foot by these bodies. No employer is to be 
free to agree with his men to work under conditions 
that may suit both of them better than those of the 
councils, or even to adjust differences with them 
except on the lines that are prescribed to him and 
to them. Men are not even to have the right to 
modify pre-war customs in restraint of production. 
Such waiver, though by common consent it may be 
necessary for avoiding the ruin of a shop or an 
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industry, is to be forbidden without the prior 
consent of the unions. The right to have these 
customs restored, guaranteed though it was to the 
men on whose behalf the unions purported to speak, 
is to be taken away from them, and to be vested, 
whether for use or for revision, in the small 
oligarchies by which trade unionists are controlled. 

The justification that is usually put forward for 


proposals of this class is that without the assured 


mutual support that can be obtained only by rigid 
discipline and uniform action workmen are single 
sticks instead of a bundle, and can be broken readily 
by any firm against whom they are pitted. Doubt- 
less this justification will be put forward again 
if the policy of the report is challenged. But it is 
now obsolete. Before the war many men knew that 
employers and employed had interests in common 
far greater than those in difference. To-day most 
men know it; and they know more. They know 
that the State has no less a concern than either 
employers or men in seeing that these com- 
mon interests are respected; that the country 
after the war will stand or fall according to 
the fate of its great industries. This fate will 
be fortunate or disastrous according as all the 
parties to industry are doing their best or 
not; and employers cannot use their best skill 
in management if they cannot count on their 
men’s best energies, nor their men, even if they 
were willing to do so, yield their best economic 
result if their work is not done and their lives lived 
in the best conditions. The energies of employers 
and employed must be united in each individual 
works, and be free and encouraged to develop 
individually, instead of being shackled by the 
conditions of a trade-wide control. 

And therefore the functions that can be trusted 
safely to trade unions and federations have 
changed. As mutually consultative and co-opera- 
tive bodies they have an indefinitely wide future, 
if they choose to play their part. Works com- 
mittees, indeed, the direct means of communication 
between employer and employed, should be set up 
spontaneously in those works that would have them, 
leaving those that would not to take the conse- 
quences of their refusal; but national or district 
councils such as those proposed by the report, if 
they were set up as organs of conference and con- 
ciliation, might be invaluable adjuncts to any 
industry. If the trade union leaders themselves, 
many of them reasonable and extremely able men, 
would recognise that the country cannot afford to 
jeopardise its future living by leaving its essential 
industries at the mercy of civil strife, they could 
find in the deliberations and enquiries of such joint 
councils work fully as honourable as their present 
employment, and far more fruitful to the interests 
that they have at heart. But as mechanisms of 
control joint councils are now too late. A condition 
so important that it demands control and cannot 
be left to voluntary co-operation must henceforth be 
the State’s business, not to be left to the hazard of 
negotiations. A condition that is of less impor- 
tance may fairly and safely be left to be settled 
between the individual parties to each case when it 
arises ; for the competition between works for the 
best men, a competition which in the impending 
struggle for the world’s trede will be stronger than 
ever, will quickly teach wisdom to those employers 
who prefer getting the better of their men to getting 
the best out of them. 

Yet, plain as these considerations are, they are 
not likely to satisfy those who have inspired the 
present proposals. We have assumed in their favour 
that they are conscious of no corrupt motive or 
sharp practice; that they have acted as they 
believe to be in the best interests of workmen. But 
this discussion of the subject would be culpably 
incomplete if it failed to point out that in their 
essentials these proposals are indistinguishable from 
an unscrupulous political mancuvre, against which 
engineers who do not wish their industry to be 
sacrificed to political ends will have to do more than 
protest. The truce that was i in party 
politics has unhappily not extended to industry. 
Month after month at the beginning of the war the 
Government stood by, and chose deliberately to 
permit the systematic under-production of muni- 
tions rather than coerce the constituents of their 
political friends. When finally, after ten months 





of restricted output, it took powers to stop this 
murderous outrage, it made a bargain very advan- 
tageous to almost all the workmen affected. The 
bargain was more than fair; but no one in times 
like these will grudge the benefit that most men 
have derived from the transaction, even though 
regretting that the gain did not extend to the most 
highly skilled. But having paid the price, and 
taken the powers of the Munitions Act in trust at 
last to secure weapons for its men, the Govern- 
ment betrayed its trust and was faithful only 
to its trade union policy. It continued to permit 
strikes and restriction of output and the rejection 
of women’s labour, while to its knowledge, and on 
the public admission of the most prominent of its 
leaders, these atrocities were enabling the enemy to 
massacre our half-defenceless men, to perfect his 
defences, and indefinitely to prolong the war. Even 
now, after having exempted right and left from 
military service men whose trade union ticket was 
their only title to be called skilled, it is still 
endeavouring to define by negotiations with the 
unions the extent to which they will permit national 
needs to be satisfied. There has been talk of a 
Great Betrayal through the war having made pre- 
war conditions impossible. There has been and 
there will be no such betrayal. The Great 
Betrayal has been that of our dearest flesh and 
blood ; and what the sub-committee proposes in 
its scheme of Joint Standing Industrial Councils is 
to entrust to the influences that have conspired 
in this betrayal for nearly three years the control 
of industry and the nation’s future. 





ENGINEERING ON THE RIVER TIGRIS. 

Tae despatch by Lieut.-General Sir Stanley 
Maude, K.C.B., Commander-in-Chief of the Meso- 
potamian Expeditionary Force, issued this week, is 
a pleasant antidote to the sad revelations in the 
report of the Commission appointed to inquire into 
the blunders connected with the previous phase 
of the campaign on the Tigris River. With General 
Maude’s comprehensive review of the military 
operations we are not here concerned, nor have we 
thought it desirable to refer to the report of the 
Commission, but the occasion may be taken to 
indicate as completely as prudence dictates the 
splendid work done by the engineers associated 
with the operations, particularly at the base, and 
by the shipbuilders and engineers at home in the 
supply of the matériel. Amongst the reforms 
courageously and persistently advocated by Major 
(now Colonel) Carter, whose fearless advocacy of 
efficiency in the medical corps is one of the brightest 
spots in the gloomy picture painted by the Com- 
mission, was the provision of special hospital 
steamers for service on the Tigris River. Imme- 
diately on his return to this country he set out 
clearly the necessary requirements for such ships, 
and with these the naval architects for the India 
Office, Messrs. J. H. Biles and Co., have succeeded 
in producing a series of ships’ which admirably 
meet the case, and in the building of these Colonel 
Carter and Sir John Biles—and, since his appoint- 
ment as Director of Inland Transport, Colonel 
Collinson—have, in their respective spheres, brought 
to bear a great experience. Not only was it 
necessary in the design to provide for the shallows, 
the tortuous channel and the rapid currents of the 
Tigris, but to ensure sufficient strength in the 
permanent structure and the temporary stiffening 
for the passage of the ships from this country to 
the East. The vessels are limited in length to 
160 ft., and it was found that a beam of 30 ft. was 
necessary to ensure the light draught in association 
with the required displacement. The depth moulded 
is 6 ft., but there are four “ flying ” decks, so that, 
for the dimensions, very extensive accommodation 
is provided, while as regards the medical equipment 
nothing could be more complete. 

General Maude, in his despatch, points out that 
the newly-formed Inland Water Transport Direc- 
torate had first to fill its ranks, and then to develop 
its organisation and provide for its many indis- 
pensable requirements, but “the personnel, making 
light of these very real obstacles to rapid progress, 
worked insistently, with the result that, night and 
day, an endless chain of river craft passed up and 
down the river, thereby ensuring the maintenance 





of the troops at the front.” Near the mouth of 
the river an extensive area of swamp was converted 
into a shipbuilding and engineering factory, with an 
equipment surprising under the circumstances, and 
with huts for the workers and officers, a canteen, 
and all other desirable accessories. Here large 
barges are being built, ranging up to a length of 
150 ft. by 35 ft. by 8 ft. The first of these was 
turned out within 16 days of the first plate being 
laid; in fact the first barge was ready almost 
simultaneously with the departure of the ship 
which imported the material. This success is the 
more surprising as the staff on this work is a very 
polyglot one, comprising Chinese, Egyptians and 
Europeans ; in respect of language the only analogy 
is that of the workmen engaged on the Tower of 
Babel. The staff in the engine department is 
controlled by two officers, four non-commissioned 
officers and half a dozen sappers; all the others 
are native workers. Electric generators, air com- 
pressors, ammonia ice plant, and pumps, are all 
driven by oil engines. There is a well-equipped 
engineering repairing establishment and capacity 
for lifting loads of 500 tons. The officers have come 
from all parts of the world, and include four Scotch- 
men, all of whom have had experience in our Domin- 
ions, six Englishmen, most of whom also have had 
previous colonial experience, one Welshman and one 
Irishman. Experience is co-ordinated by con- 
ferences, and thus there is brought to bear on the 
tackling of problems the most effective lessons of 
many lands. Many things are done on which there 
is no guidance in technical books or journals. Good 
work, too, is done in the manufacture of pontoons 
for bridges and the construction of oil tanks, while 
girder work is freely imported, notably from India, 
being commandeered from all sorts of structural 
contracts. 

Another department of engineering which is 
specially noteworthy is the development of the 
Basra harbour works and wharves, under the 
control of Sir George Buchanan. General Maude, 
too, points out that the responsibilities of the works 
directorate in connection with problems at the base 
and on the lines of communication have been very 
heavy, “but the many problems have been reso- 
lutely handled with that resourcefulness and success 
which is so characteristic of the Royal Engineers.” 
Road-making, water supply, building and reclama- 
tion work at the base alone have reached vast 
dimensions and have demanded constant attention 
and thorough organisation. 





FORTH AND CLYDE SHIP CANAL. 

THE great European War has aroused fresh 
interest in this scheme, which was first brought 
before the public nearly thirty years ago. At that 
time Messrs. D. and C. Stevenson, MM.Inst.C.E., 
Edinburgh, advocated the route via Loch Lomond 
and Loch Long, as more recently described in our 
pages (see ENGINEERING, vol. Ixxxvii, page 564), 
while Messrs. Crouch and Hogg, MM.Inst.C.E., 
Glasgow, after an examination of alternative 
schemes, reported in favour of what is known 
as the “‘ Direct Route,” following closely the valley 
through which the existing barge canal was con- 
structed towards the end of the eighteenth century. 
At that time they recommended a canal with a 
summit level of 95 ft. above ordnance datum, 
involving a number of locks, to bring the cost within 
the sum on which it was believed it would be possible 
to earn a dividend from commercial traffic alone. 
Fig. 1 shows the ocean routes, with special reference 
to the termini of the canal. 

The construction of H.M. Dockyard at Rosyth 
and the dangers revealed by great war demand 
that the whole question should be reconsidered 
from the national point of view, treating the 
revenue from commercial traffic simply as an im- 
portant means of reducing the annual cost to the 
nation. 

In 1890 it was proposed that the ship canal via 
the direct route should join the Clyde at Yoker, 
but since then there has been an enormous industrial 
development on the north bank of the Clyde, 
and the construction of the Rothesay Dock and 
its railway accesses make it now impossible to join 
at Yoker. After studying various alternative 
points of junction it is now considered that the best 
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would be at Clydebank, because the ground on the | 


south side of the Clyde opposite the junction is not 
only available for the widening of the river, but 
most suitable in every way for docks and graving 
docks of the largest size and for a new town beyond 
the docks, while railway communication can easily 
be obtained. 

In accordance with the Admiralty requirements 
the bottom width of the canal will be 148 ft., and 
the depth of water 40 ft. throughout, with regulating 
locks at each end. The depth of the Clyde is at 
present about 25 ft. at low water. While this depth 


Grangemouth to the Cloch. Miles, 
By direct route 50.5 
By Loch Lomond on 69.3 

Grangemouth to Serta. 

By direct route 30.5 
By Loch Lomond 85.5 


Fig. 2 shows the two routes. 

Quite apart from the saving in distance by the 
direct route there would be a greater corresponding 
saving in time, as the direct route could be easily 
lighted so as to be as fully utilised by night as by 
day, while the Loch Lomond portion of the other 
route could not be so easily navigated by night, 











Fig.1. 
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will meantime restrict at low water the through 
traffic from the North Sea to the Atlantic, there 
would be no difficulty in further deepening a short 
section of the Clyde sufficiently to give access at all 
states of the tide to the proposed new docks and 
graving docks of the largest size on the south side 
of the river. Access to a battleship graving dock 
would thus be quite independent of the general 
deepening of the Clyde. 
The comparative distances are as follow :— 


Direct Route. Miles. 
Grangemouth to Clydebank . 30.5 
Loch Lomond Route. 
Grangemouth to Loch remmenal 36.2 
Loch Lomond ei 12.8 
Tarbet to Arrochar... 18 
Arrochar to Clydebank 34.7 
Total 85.5 


As regards through traffic, the saving in distance 
between New York and the Continental ports on the 
North Sea would be about 300 miles, and between 
Glasgow and the same ports nearly 500 miles. 
Various estimates have been made of the amount 
of shipping which would probably make use of a 
ship canal across Scotland and the annual revenue 
which would be derived therefrom. The revenue 
has been estimated at about 800,000/. per annum, 
but whatever may be its probable amount there can 
be no question that the revenue by the direct route 
would be considerably greater than by the Loch 
Lomond route. 

As regards interference with the existing roads 
and railways on the direct route, these would be 
| negotiated chiefly by fixed bridges, except at the 
| Clydebank end, where it would be necessary to adopt 








swing bridges. It is not intended to abandon the 
existing canal, which now belongs to the Caledonian 
Railway Company. 

The ship canal by the direct route would be 
practically at séa-level, while by the other route it 
would have to be at the level of Loch Lomond, which 
varies 5 ft. or 6 ft. in the course of the year, and is, 
on the average, about 20 ft. above high water in 
the River Clyde. It has been assumed that the 
water supply in Loch Lomond is inexhaustible, but 
that is not so, and it is contended that the abstraction 
of water from Loch Lomond for working the locks 
would very seriously affect the existing water 
supplies to the calico printing and Turkey red 
dyeing industries in the Vale of Leven. As regards 
the question of water supply, the direct route at 
sea-level, and therefore largely independent of fresh 
water supplies, is unquestionably greatly superior to 
the Loch Lomond route. 

The locks will be double, one 900 ft. long by 
100 ft. wide, with intermediate gates, and the other 
400 ft. long by 50 ft. wide. There will only be one 
set of locks at Grangemouth and another at Clyde- 
bank. On the other hand, the Loch Lomond route 
is handicapped by the winter floods in Loch Lomond, 
which have been as high as 8} ft. above the summer 
level of the loch, which is intended to be the summit 
level of the canal, and this will involve the use of 
regulating locks at the entrance to and exit from 
Loch Lomond and, in addition, two locks at Grange- 
mouth and two at Arrochar at the head of Loch 
Long. The summit level of the Loch Lomond route 
is 27 ft. above low water in Loch Long and 31 ft. 
above low water in the Forth. 

Several years ago estimates of cost were made, 
but since then the Admiralty requirements have 
been increased, and now the cost of all works has 
been enormously augmented as the result of the 
European War. At pre-war prices the cost of the 
ship canal on the direct route would have been 
about 25,000,000/. but, of course, at present war 
prices the cost would be considerably in excess of 
that sum. 

The Admiralty will judge of the relative strategic 
values of the alternative routes and will, no doubt, 
attach importance to the fewer locks required on the 
direct route, but even assuming equal strategic 
value, the Treasury will undoubtedly be favourably 
impressed by the arguments of those who contend 
that the revenue from commercial traffic will be 
much greater on the direct route than on the Loch 
Lomond route. 





THE MINISTRY OF MUNITIONS EXHI- 
BITION OF WOMEN’S WORK. 

Tue Lord Mayor of Leeds opened at the City Art 
Gallery on the 9th inst. an exhibition illustrating 
the various types of work upon which women are 
employed in engineering and other industries on 
munitions of war, which will remain open until the 
21st inst. The ceremony was attended by a large 
number of employers in the city and district and 
by Mr. Ben H. Morgan, the chief of the technical 
branch of the Ministry of Munitions, which is 
promoting the exhibition. 

The exhibits include samples of work and official 
photographs of the operations in progress. They 
are classified in fourteen groups, dealing respectively 
with aircraft and other internal-combustion engines, 
motor lorries and accessories, steam engines, guns 
and components, small arms, gauges, drills and 
cutters, &c., metal aircraft fittings, aircraft wood- 
work, projectiles, general work, and optical munitions 
and glasswork. As in previous displays, the range 
of the samples and photographs covers practically 
the whole of manufacturing industry, and includes 
many operations demanding the highest skill. The 
present exhibition, however, adds an entirely new 
feature in the shape of a catalogue raisonné of the 
samples, giving for most of them information such 
as the way in which the exhibits have been made, 
the tools used, the extent of male skilled super- 
vision, if any, the time allowed for each operation, 
and the like. Space will not allow a detailed 
description of the whole of the samples, about 
1,000.in number, but a few examples may be quoted 
to show their range and the nature of the informa- 
tion that is given. 

The group of aircraft engines includes details of 
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the Clerget, Hispano-Sueza, Le Rhone, R.A.F., 
Beardmore (160 h.p.), and Gnome types. Taking 
a specimen at random, we find a sample of the 
exhaust valve of the Clerget engine. The catalogue 
describes it as made in four operations. It is first 
turned all over in a Herbert No. 4 capstan lathe, 
the operation taking 20 minutes. The shank is 
then ground on a Churchill plain grinder, 4 in. by 
34 in., to a limit of + 0.0005 in., in 5 minutes ; 
the head slotted in a Churchill No. 1 bench miller 
in 14 minutes; and the cotter hole cut in a Brown 
and Johnson No. 3 slot miller in 4 minutes. The 
work is all done by women under male supervision, 
women tool-setters being employed on the capstan 
lathes. The Gnome cam, again, is described as 
machined from the bar on Herbert No. 6 capstans. 
The diameter is first turned and faced and the bar 
parted off, the piece faced for grinding in a soft- 
jawed chuck, and the work bored, six at a time, in 
a jig. The limit for thickness to this stage is 
0.05 mm., the standard time on premium bonus 
27 minutes, and the machines are set up by men. 
The part so machined is then face-ground on a 
No. 1 Browne and Sharpe universal grinder with a 
magnetic chuck to a limit of + 0.02 mm., the 
premium-bonus time being 12$ minutes, and one 
man supervising nine women. 

The group of internal-combustion engines includes 
details of the 5-in. by 6-in. and 7}-in. by 8-in. 
“tank” (landship), the 6-cwt. National petrol 
tractor, and various motor-bus and motor-lorry 
engines and parts of the vehicles. Here, again, the 
work done is done wholly by women, sometimes 
also set up by them, and limits as close as 0.0005 in. 
are reached for machining as well as for grinding. 
The multiplicity of operations undertaken by 
women is seen even more strikingly in guns and 
gun components, notably in breech mechanisms 
and gun-sights, on which in one shop or another they 
seem to do practically every part of the work. In 
the manufacture of Lewis guns and other small 
arms an occasional exhibit is said to be made 
80 per cent. to 90 per cent. by women; but with 
these rare exceptions women do the whole of the 
work, some of it running into over twenty operations 
and machines for a single part, each of which the 
catalogue specifies for most parts, with its time 
and other particulars. 

In the groups of gauges, cutters, test-pieces, &c., 
plug-gauges are shown manufactured by women 
outright to a micrometer limit of 0.0003 in., and 
an imposing collection of spade cutters for shells 
up to 9.2 in., steel test-pieces of various patterns 
to 0.0001 in., milling cutters for pitch-gear cutting 
and many other purposes, twist drills, &c. The 
extent to which women’s work is used seems to 
vary widely in different shops, but some of it is 
remarkable for the short experience that is found 
necessary for turning out serviceable and trust- 
worthy work. Two or three weeks, for instance, are 
enough to enable a girl to learn to do the rough- 
turning and screw-cutting required on the production 
of screw gauges, and after a fortnight’s shop ex- 
perience girls are able to make screwing-dies complete 
except for backing-off and hardening. 

Examples of what women are doing elsewhere 
than in the machine shop are seen in the groups 
of aircraft metal fittings and aircraft woodwork, 
where they show complete proficiency in welding, 
brazing, &c., and in both producing and assembling 
woodwork, from the slender ribs of a plane to the 
massive propellers, in addition to machining and 
fitting as seen in other groups. The group of pro- 
jectiles is among the smallest in the exhibition, 
although—perhaps more correctly because—it is 
about the best-known aciievement of women ; 
but it includes an interesting series of cartridge cases 
and useful particulars of times, &c., on some bomb- 
parts. A considerable variety of general work is 
shown—chucks, gear, nuts, pneumatic tools, gear- 
pumps, &c.—and the optical section includes work 
of extraordinary fineness, both in glass and in metal. 
Thus the optical system of dial sights is made 
throughout by women, except for “ a little touching- 
up by a highly skilled man”; the prisms for Barr 
and Stroud range-finders adjusted and balsamed in 
position by women; and the range dials and 
clinometer scales (shown in the “Guns” section) 
are graduated by them to a limit either of no 





measurable error or to a maximum tolerance of 
one second. 

It is scarcely an exaggeration to say that the 
publication of the catalogue is an historical event 
in British industry, disclosing for the first time not 
only the variety of women’s work, but definite infor- 
mation on the way in which it is achieved. The 
standards attained in different shops are doubtless 
widely different, alike in the extent to which women’s 
work is used and the efficiency that they attain ; 
and the publication of such information as is 
given in this catalogue—all the particulars of which 
have been furnished voluntarily by the works 
concerned—enables works to compare notes as 
to their respective practice, and to make such 
improvement as the comparison may suggest 
and their individual circumstances allow. The 
Ministry is to be congratulated on so useful and 
enlightened a publication ; and we can neither pay 
it a higher compliment nor express the interest of 
the industry more accurately than to say that it is 
to be hoped that the present is only a preliminary 
instalment of a much more ample publication in 
the future. 

We cannot, however, pass from this exhibition 
without referring again to the subject of our recent 
article on its predecessors (June 1, page 526) and 
expressing the hope that the dilution that the 
Ministry has shown by so many examples to be 
practicable in actual manufacture may be applied, 
as it does not yet appear to have been applied, 
throughout the industries that could use it. At 
present the application appears to be a bureaucratic 
process, operated by bureaucrats according, doubt- 
less, to the best methods of their art; but whatever 
methods have been used, they have failed notoriously 
to make more than a fraction of the use that could 
be made of women’s labour for urgent war needs, 
not to mention the help of industry in the future. 
The general, uniform and exhaustive application 
of results such as are shown in this exhibition 
should be made a matter of engineering direc- 
tion, based on defined standards, which are sub- 
ject to relaxation, if at all, only on engineering 
grounds. In women’s work the country has dis- 
covered an untapped source of productive wealth 
of an order of magnitude comparable with what 
it possesses in man-power, and the more completely 
it is made available for the purposes of industry, 
the better off will the country and every man and 
woman be in the great industrial contest that is 
ahead. But the present situation makes a still 
more urgent call for the extended use of women’s 
work in release of men; and neither political con- 
siderations nor bureaucratic practice should be 
allowed to interfere between the manufacturers of 
the country and the immediate duty that the 
Ministry’s engineers owe to them. 





CONDENSER TUBE CORROSION. 
By Wittiam Ramsay, F.I.C. 


In the engineering profession the cause and 
prevention of condenser tube corrosion is one of the 
most burning questions of the day. Large sums 
of money have been devoted publicly and privately 
to investigate the difficulty, but so far little, if 
anything, has been accomplished to the end in 
view. 

The work of the Corrosion Committee of the 
Institute of Metals was looked forward to with great 
expectation, but it is to be regretted that the results 
published in the various reports are, so far as they 
go, of academic interest rather than of practical 
engineering value. While throwing some light on 
the mechanics of brass corrosion in general, from 
an engineering standpoint they only indicate, with 
close agreement to practice, the order of durability 
of tubes made from the various alloys in general use. 
Had the work taken a different course, one cannot 
but think that something of more immediate value 
to engineers might have been forthcoming. 

Retubing a condenser is always a costly business, 
even after the tubes have done good service for what 
may be regarded as the natural period of their life, 
not uncommonly ten, fifteen or even twenty years ; 
but unfortunately one is frequently faced with 
cases where they have broken down after a com- 
paratively short period of use, often only a few 





weeks or months. This is a much more serious 
matter, and it is in just such cases as these where 
the Corrosion Committee has failed us. Again, 
unfortunately, this type of defect has been in- 
creasingly familiar during the past ten or fifteen 
years, a fact which has given rise to the opinion 
that the extra purity of the metals now employed is 
responsible for the trouble. But, on looking up 
analyses of condenser tubes over a period of twenty 
years, I find that there is no justification for such a 
suggestion. The alloys now used are, so far as purity 
is concerned, probably no better or worse than the 
older material. 

Having been interested in this question for many 
years, and being exceptionally well situated for the 
study of the subject, it has been suggested that an 
account of my observations and some experimental 
results might add to the not very large total of 
our knowledge of this elusive problem. 

When a breakdown occurs it is usual to hand a 
piece of the defective tube to the chemist for analysis 
and explanation. The analysis is a simple matter, 
but since the corroded metal has disappeared and the 
tube adjacent to the corroded part is, as a rule, 
normal, the explanation is more difficult. Again, 
analysis of the corrosion product leads to no con- 
clusive result ; it generally contains the metals of 
the alloy as basic chlorides, carbonates, oxides or 
even sulphates, together with adventitious matter 
such as oxide of iron and organic matter; and as 
much of this product is washed away in both the 
soluble and insoluble form, an examination of the 
residue very seldom points to anything useful. 

From time to time I made a number of experiments 
in order to throw some light on the cause of corro- 
sion; many were abortive, and in some cases the 
true significance of the results was not always 
immediately apparent, or was even contrary to what 
was expected. 

The chief difficulty of experiments of this nature 
lies in the impossiblity of reproducing actual working 
conditions. Simple immersion tests may afford 
information on certain points, but can rarely indicate 
the cause of failure. This also applies to model 
condenser arrangements, in which the same water 
is circulated many thousands of times. Such water 
may lose its corrosive properties or, on the other 
hand, it is conceivable that it may even become 
more corrosive with continued use, so that results 
obtained by these methods must be accepted with 
certain reservations. One of my first experiments 
was with a condenser plant smaller than, but similar 
to, that used by the Corrosion Committeein their work, 
but after a few months this was abandoned, as it 
did not lead to conclusive results, and I do not 
propose to refer further to it. Other experiments 
will be mentioned in their proper sequence. 

The nature of brass corrosion is, at the present 
moment, fairly well understood, and may shortly 
be described as being mainly, if not entirely, electro- 
lytic in character. It is not my purpose to go into 
the micro-metallurgy of the various alloys used in 
the manufacture of tubes; it is sufficient to say 
that the commercial brasses are not. homogeneous 
bodies, but are a kind of conglomerate, the various 
constituents of which have different solution 
pressures or electrolytic potentials. Even the 
70:30 brass, which should theoretically have only 
one constituent, is not entirely homogeneous, but 
shows decided traces of different material at the 
junctions of the crystals; but even assuming that 
it is homogeneous, as will be shown later on, it soon 
acquires a condition which renders it ‘“‘ auto- 
corrosive”; by this term I mean that brass 
possesses within itself, or can acquire, the positive 
and negative elements necessary to form a galvanic 
couple, which, in sea water, results in corrosion. 

Corrosion of a condenser tube may be said to 
commence from the moment it is put into use, and 
the extent to which it proceeds depends upon such 
factors as. composition, time, temperature, water, 
and soon. The influence of these factors has been 
very ably investigated by Dr. Bengough and his 
co-workers, and published in their reports. I do not 
think that different sea waters can have a varying 
influence on the rate of corrosion, but estuary 
waters containing sewage, sand, &c., certainly have 
such an effect. ; 

The effect of corrosion in ‘condenser tubes is 
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varied. Copper and zinc may be removed uniformly 
from the surface, so that the walls become thinner 
and preserve the yellow colour of the brass, or, 
what is more commonly the case, zinc is dissolved out, 
leaving the copper or a copper-rich material as a 
coherent film, the original diménsions of the tube 
being nearly preserved. This action has been 
labelled with the rather cumbersome name of “ de- 
zincification,”’ a term which has led to the idea 
that the solution of the zine is chemical rather than 
electrolytic, but it is purely electrolytic. In the 
case of the 60:40 tubes the action takes place 
between the a and the 8 constituents and may 
proceed to completion, the tube retaining © its 
original dimensions and, to the naked eye, presenting 
the appearance of a solid copper tube. On micro- 
scopical examination, however, it is seen to consist 
of coppery material preserving the form of the a 
constituent, the space previously occupied by the 8 
being more or less filled by corrosion product, or 
possibly quite empty. I have in my possession a 
piece of 60:40 tube which has undergone this 
complete dezincification; the imformation which 
accompanied it was to the effect that it broke into 
short pieces when drawn from the condenser, and 
was so soft that it could be distorted between the 
finger and thumb, but on drying it became quite 
hard again. Apparently it was only held together 
by the interlocking skeleton of the a brass. 

With 70 : 30 tubes and Admiralty alloy the action 
is probably somewhat different. Owing to -some 
slight inequality in the composition—or, possibly, 
toa thin film of copper oxide, from which the tubes 
are rarely free, and which in contact with salt water 
is reduced to copper—the equilibrium of the brass 
becomes upset, and a more or less continuous film 
of copper results; electrolysis then takes place 
between the copper and the underlying or adjacent 
brass, resulting in a gradual concentration of copper. 
With these tubes dezincification is as a rule super- 
ficial, the more compact nature of the residual 
copper sealing off the metal underneath from 
further action. That the Admiralty alloy and the 
newer lead brass are more resistant is probably due 
to the more insoluble corrosion product being 
impacted in the porous copper residue. 

But dezincification is not the simple process 
outlined above. If some of the copper goes into 
solution—and there is ample evidence that it does 
—it may be redeposited as metallic copper on the 
brass, an equivalent amount of zinc going into 
solution. I have proved that cuprous and cupric 
chlorides, oxide of copper, and, in fact, most copper 
compounds are capable of depositing metallic copper 
on brass. Less easily understood is the action of 
basic chloride of zinc. On painting tubes with this 
body and immersing them in warm sea water a 
distinct coppery stain results after some time. 
Dezincification may, ,therefore, be regarded as a 
normal process which, so long as it remains super- 
ficial, asin the case of the 70:30 brass, may even 
be protective. 

But there is something more to be said about 
dezincification. If a portion of the coppery film 
be removed so as to expose the brass, it does not 
immediately become recoated with copper. A tube 
which had been dezinced to a depth of less than 
sda in. was taken, and a small patch about } in. 
Square removed with fine emery paper without 
appreciably altering the thickness of the tube. On 
immersing it in sea water kept warm the brass 
rapidly corroded at this point, until in about a 
month it was about ,}, in. deep; . copper then 
gradually encroached on the bare brass and stopped 
the action. I will refer to this later on. 

One of the commonest and perhaps the most 
serious of forms of corrosion is that which leaves the 
tube scored with more or less continuous and 
parallel lines, involving the whole or any part of the 
interior of the tube, often to such an extent that it 
has a fluted or reed-like appearance; finally, 
perforation occurs, or the tube splits along one of 
the lines of corrosion. This type of breakdown 
1S most certainly due to a defect in the manu- 
facture of the tubes. Castings made with o sand 
core are very liable to have spills, which may 
extend to a considerable depth in the metal, and 
which on boring out remain undetected. On 
drawing into tubes these ‘spills become elongated 
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into what are known as laminations, which may 
often be traced for a number of feet, in some cases 
almost through the thickness of the tube. Lamina- 
tions are comparatively rare on the outside of tubes, 
since they are more readily detected there, and if 
present ‘in the casting, it can be turned down until 
solid metal is reached. On sawing a laminated tube 
lengthwise the defects appear as shown in the photo- 
graph (Fig. 1, page 40), and might easily be mistaken 
for a mere discoloration of the metal. On flatten- 
ing the tube, however, they open up, showing their 
true character. Fig. 2 is a photograph of such a 
flattened tube. These defects may occur as mere 
surface folds, or may penetrate the wall of the tube 
to any extent. On opening them up they are seen 
to be coated with oxide of copper, which. on immers- 
ing in sea water, is gradually reduced to the metallic 
state; and this is probably the initial stage of 
electrolytic corrosion. Sooner or later the corroded 
lamination breaks away, exposing fresh lines of 
yellow brass, and the action is concentrated at 
these places (see Fig. 7). The following experi- 
ment was carried out in order to test the truth of 
the above. An Admiralty tube which showed 
indications of a lamination was immersed in estuary 
water, which was changed almost every day over a 
period of more than two years, the containing flask 
being kept at a temperature of about 110 deg. to 
150 deg. F. by means of an electric heater. After 
a few weeks the tube was completely coppered, and 
the suspected lamination showed unmistakable 
signs of opening out. In about six months it had 
corroded away to a measurable extent, and several 
other lines or laminations, which had not been 
suspected, showed themselves. The tube at present 
is scored with several lines exactly like the initial 
stage of the type of corrosion in question. Through- 
out the test it was noticed that bubbles of gas (air 
or CO,, or both) adhered tenaciously to the lamina- 
tions and the sharp edges of the tube, in fact these 
places appeared to act as nuclei for the gases to 
separate from the water, the bubbles actually form- 
ing there and not adhering by accidental contact. 
Under such a test the rate of corrosion was, of course, 
very slow, and had it been under actual working 
condenser conditions the total effect would probably 
have been exceeded in a few weeks. During the 
corrosion the-lamigation presented a varying appear- 
ance, at one time showingélack lines, which would 
clear up to yellow brass or film over with copper 
through which minute specks of brass were visible, 
but at all’ times’ the” aetio 
laminations and edges. It was\jhis tube (Fig. 3) 
from which the copper patch was removed to 
which I have previously referred., It is claimed for 
tubes made from solid castings in which the bore is | 
either drilled or is pierced by hydraulic pressure 
that laminations do not occur, and that they are not 
liable to corrosion. The latter part of the claim is 
possibly too sweeping, but itis reasonable to expect 
that they will at least be free from reeding. I have 
no personal experience with these tubes, but I am 
informed that they go a long way towards solving 
this particular difficulty. 

Another manufacturing defect is responsible for 
the occurrence of isolated holes in what may other- 
wise be- perfect tubes. In the drawing process 
small angular fragments of metal are sometimes 
curled up and nearly detached from the tube, and 
in subsequent passes are either pressed back into 
their original position or are completely broken 
away, leaving a hole. These defects are usually 
small, but may be relatively deep, and perforation 
rapidly occurs at such spots when the tube is put 
into use. 

Many new tubes which I have examined have 
shown minute holes or pores filled with a black 
material and surrounded with a copper-coloured 
zone; it would almost appear as if corrosion had 
already started, and I cannot but think that these 
points will prove active corrosion centres. 

Another kind of corrosion which one occasionally 
comes across, and which is not to be confounded 
with the last type, also makes itself manifest as 
isolated holes or patches. In the present case the 


greatest at the, 





holes always lie along the bottom of the tube and 
never on the sides or top. The fact that certain 


spots only are attacked suggests what is known as | 





tion, there is no reason why the corrosion should 
select any particular spot; but analysis of the 
metal underlying the defects never revealed any 
notable difference from the: normal alloy sufficient 
to account for such action. Another possibility 
was that some foreign body which could form a 
galvanic couple with the brass had gained access to 
the tube and set up corrosion. This hypothesis was 
strengthened by the discovery of iron in the insides 
of tubes which had broken down after a very short 
run of work. On opening up the tubes it was found 
that the whole of the interiors were coated with a 
thick even deposit of ferric hydrate, which at certain 
spots along the bottom was perceptibly thicker ; 
and under each of these spots small fragments of 
iron or magnetic oxide were found, each fragment 
being in the centre of a corroded pit. It is important 
to note that in every case it was the bottom of the 
tube which was affected. This experience recalls a 
set of experiments which I carried out some twelve 
years ago, the results of which seemed at variance 
to theory. 

1. A clean, bright Admiralty tube was fitted up 
in the well-known form of a Liebig’s condenser, the 
outer jacket, through which salt water circulated, 
being of glass, so that the action, if any, could be 
observed. About the middle of the tube a patch of 
zine was electro-deposited, the idea being that it 
would preserve the tube from corrosion. Steam 
and circulating water were maintained at such a 
rate that the steam was completely condensed and 
the circulating water raised about 10 deg. C. After 
about 60 hours’ intermittent run the zinc became 
almost black and then gradually turned reddish 
brown, at the same time the tube lost its brightness 
and showed signs of etching near the zinc. On 
removing for examination it was found that the zinc 
had quite disappeared, and its place taken by spongy 
copper, at the same time the brass in the immediate 
neighbourhood was superficially corroded to a slight 
extent. It was clear that copper had gone into 
solution and had been reprecipitated on the zino, 
and so far from protecting the brass from corrosion 
it had actually initiated it, or apparently so. 

2. A similiar tube had the point of a steel 
needle driven into it, and then broken off flush 
with the tube. This was fitted into the same 
condenser arrangement and the water and steam 
conditions kept as before. After about 90 hours’ 
run chlorine. was found in the condensed water, 
and on inspection it was found that the needle 
peint had disappeared, and the hole, which was 
surrounded by 4\ r-coloured zone, was now 
large enough to p the ‘thicker shank of the 
needle. a 

3. A helical coil df-ste@™wire was sprung on to 
another tube and submitted to the same action. 
After about 120 hours’ run it was removed for 
examination. A distinct print of copper was found 
marking the position of the coil, which also showed 
traces of copper where it was in contact with the 
tube. 

4. In a similar test pieces of clean gas carbon 
were wedged into the water space so as to be in 
contact with the tube. Within 16 hours the points 
of contact were surrounded by a coppered area, 
and in about three days the brass was measurably 
corroded at these points. The same experiment 
carried out with common coke gave similar results, 
but possibly took a longer time. 

5. A spot of lead was fluxed on to a tube and 
filed nearly flush. The whole was thoroughly 
cleaned and anchored in a pool in the Mersey, near 
low-water mark, and observations made frequently. 
A green film gradually formed round the lead, and 
eventually spread over the whole tube. After a 
period of about three months the tube was corroded 
to a measurable extent just at the junction of the 
lead and brass; but before another observation 
could be made the tube disappeared. 

It is rather remarkable that metals such as iron, 
zine and lead, which are electro + to brass, should 
behave in this manner. The action is probably a 
secondary effect due to copper being redeposited on 
the foreign metal. In this connection it is note- 
worthy that magnetic oxide of iron, or metallic iron 
coated with this oxide, is sometimes electro +- 
with reference to brass and at other times electro —. 


local action, since, if the tube is uniform in composi- ' The reason for this erratic behaviour is yet to be 
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discovered. A form of corrosion of which I have 
definitely traced the cause is that which attacks the 
inlet ends for a few inches immediately beyond the 
tube plate. Here the cold circulating water, on 
becoming warm, deposits its dissolved gases; the part 
in the tube plate being kept cool, escapes this parti- 
cular action, but just beyond this bubbles of CO, 
and air adhere to the tube, causing round each a 
ring of corrosion which eventually takes the form 
of a horseshoe, the open ends of which point in the 
direction of the water flow. This type of defect is 
most certainly due to the main condenser being 
used in harbour for the auxiliary machinery, when 
the smaller volume of steam does not necessitate 
the full-power circulation, and the friction of the 
water is insufficient to sweep away the deposited 
gases. Where an auxiliary condenser is used for 
port service this defect is obviated. Several 
rivers and harbours, and canals especially, have 
an evil reputation in this respect, being 
more or less foul with sewage, while those with 
a good tidal scour are less objectionable. The 
accelerating effect of sewage, CO, and ammonia is 
well known. 

Fig. 4, page 40, is a photograph of an opened-out 
tube which has suffered from this type of corrosion. 
It will be noticed that although the part in the tube 
plate is corroded it has escaped the typical horse- 
shoe action. The vessel from which this tube was 
taken was known to berth in a very dirty harbour. 
Dezincification is general all over the tube, and in 
the middle of each horseshoe, but where the corrosion 
is severe the brass remains yellow. This seems to 
point to electrolysis between the separated copper 
and the brass. 

There is another type of corrosion which affects 
the ends of the tubes and which may be found in 
any part of the condensers, and may occur singly 
or in groups. The extreme ends of the tubes are 
eaten away in the ferrules, which also may be 
involved ; and in this case a curious accommodation 
between tube and ferrule often takes place, the more 
corroded part of the one fitting into the less affected 
part of the other, almost as if the action ceased 
when the pressure between the two had been relieved. 
This is most probably the case, since in cases of this 
type I have almost always observed that the tubes 
had been crushed or distorted by the ferrule. 
Physical condition as a factor in brass corrosion is 
fairly well established, and this seems a case which 
meets this theory. A condenser is generally tubed 
by several men, each taking a certain section or 
group of tubes, and it is not unlikely that one 
worker may have exerted such force as to bruise 
his tubes. This probably explains why such 
corroded ends generally occur in groups. So far as 
my experience goes the defect does not recur on the 
tubes being replaced. Fig. 5 is a typical case in 
which both the crushing and the corrosion can be 
observed. 


Some time ago my attention was directed to a 
case of breakdown in a number of tubes of the 
non-drip type. These tubes have a longitudinal 


' furrow running along the top, except at the ends 


where they enter the tube plate. The section is 
approximately shown in Fig. 6. All the tubes were 
badly corroded and holed in the position shown in 
black. As the metal must have been severely 
strained in the process of grooving and the corrosion 
was entirely confined to this locality, this would 
seem a definite case of corrosion due to difference of 
physical condition. Had the tubes been annealed 
after finishing it is improbable that this particular 
defect would have appeared. The great difficulty 
to a proper understanding of “ physical” corrosion 
is the minute electro-motive force which is called 
into play, but it must be remembered that the time 
factor in such cases is a large and dominating one. 
The behaviour of hard and soft brass in an electrolyte 
is very erratic. The direction of the current so 
generated varies in an extraordinary manner ; 
sometimes the hard brass is positive and at others 
negative, apparently due to polarisation and the 
condition of the electrode surfaces. The current 
generated is never very large, in the cold 2.5 to 
5 millivolts. Bubbling air or CO, increases the 
effect, but unless fresh electrolyte is continuously 
supplied the current falls off very rapidly. Such 
small currents cannot immediately have an appreci- 





able corrosive effect ; but where the conditions are 
favourable—as in a condenser, where the galvanic 
elements are in close metallic continuity and the 
resistance and polarisation practically nil—the 
time factor becomes important. The E.M.F. from 
copper-brass is appreciably higher and becomes of 
significance in the consideration of electrolysis 
between dezincified surfaces and bare brass. 

To my mind the most interesting, and at the same 
time the most puzzling, problem is the case where 
tubes are practically perfect after years of service. 
I have examined tubes drawn for inspection after 
eight to ten years’ use, which, except for dirt and 
slight oxidation, have been almost as good as new. 
Analysis and microscopical examination disclose no 
reason for this, and whatever the influence may be, 
it is something quite apart from the metal of the 
tube, for such tubes respond to artificial corrosion 
tests just as readily as normal tubes. We are quite 
in the dark as to the reason for this phenomenon, 
and any light on the cause would be of immense 
value both theoretically and practically. 

The prevention of condenser tube waste is almost 
as vexed a question as the cause. The circum- 
stances governing corrosion are so varied and 
numerous, that what may be found effective in one 
case might utterly fail in others. Tinning the 
tubes, provided it is well carried out, seems to add 
life in many cases, while in others it would almost 
have appeared to accelerate the breakdown. Zinc 
protectors in the water ends may have some slight 
influence over a limited area and time, but as a 
rule the corrosion of the zinc under such circum- 
stances can be traced to local action rather than to 
circuit action between the zine and the surfaces to 
be protected. The settling of zinc corrosion 
product in the tubes is, in fact, not unlikely to 
defeat the object in view. Iron, either as plates 
or as the material of the water ends, appears to 
have a favourable influence on the life of the tubes, 
but how long it remains active is problematic. 

These crude methods of opposing a slightly 
greater E.M.F. have been improved upon in the 
Cumberland and similar processes with what appears 
to be success, but, in my opinion, the safer and 
more satisfactory method would be to replace brass 
by one of the more resistant alloys which are now 
available. The initial cost is, of course, higher, 
but the increased life and relatively higher scrap 
value of alloys, such as cupro-nickel, renders this 
drawback more apparent than real. The ease with 
which brass lends itself to casting, machining and 
general working no doubt accounts for its use in 
many situations where other alloys, or even iron or 
steel, would be of greater advantage as regards 
corrosion. If designers would only accept the fact 
that under certain circumstances it is the nature of 
brass to corrode more or less rapidly in sea water, 
a great deal of annoyance and expense might be 
avoided. It is useful to remember that the higher 
the percentage of zinc in a brass the more easily it 
is corroded, and that air, CO,, ammonia and sewage 
in the water hasten the action, especially in the 
presence of heat. 

The practice of cleaning tubes by acids, alkalies, 
or some of the secret nostrums which are on the 
market, is questionable. If the vacuum is good 
and the corrosion product a thin, firmly adhering 
scale, I do not think it should be disturbed, since it is 
more likely to be protective than otherwise. On 
the other hand, if the tubes are choked to such an 
extent that the efficiency of the condenser suffers, 
there appears to be no other remedy than to clean 
them, but in any case if the deposit can be removed 
by a high-pressure water jet, or by brushing, this is 
undoubtedly better than applying chemicals. 

Boiling out the steam space of a condenser with 
alkalies is a practice for which some engineers have 
an obsession. In turbine sets, where the only oil 
which can reach the condenser comes from the 
reciprocating auxiliary machinery, this seems 
hardly necessary, more especially since the modern 
tendency is to reduce cylinder lubrication to a 
minimum, and the oils used are mineral hydro- 
carbons, on which soda has no action beyond a 
possible slight emulsifying effect. A slight film of 
mineral oil can do no harm, and I have even 

this as the protective influence on those 
tubes which resist corrosion, such tubes as I have 





examined having had a slight greasy coating on the 
insid 


The steam side of tubes rarely corrodes, but when 
it does the cause is usually obvious. It is a fact, 
however, that when a condenser has been laid off, 
or where air enters with the steam, the condensed 
water always shows traces of soluble copper for some 
little time after. This may be the origin of the trace 
of copper which is nearly always found in boiler 
deposits, although it might equally well be derived 
from the boiler mountings. It is rather a coin- 
cidence, however, that old engineers synchronise 
the first serious boiler corrosion with the introduction 
of the surface condenser. 

In conclusion, I wish briefly to refer to the 
common idea that leakages from electric lighting 
circuits are accountable for condenser tube corrosion. 
That such cases have occurred is possibly correct, 
but in a steamship the free paths open to vagrant 
currents are so numerous that electrolytic conditions 
are practically non-existent: Even were such 
leakage directly through the condenser it would be 
conducted by the metal rather than through the 
water. Most of the cases which have been ascribed 
to stray currents must be attributed to quite other 
causes. 

A precise knowledge of the inner mechanism of 
brass corrosion will be of great value to engineers 
and metallurgists alike, but as the present difficulty 
is not the slow natural decay of the tube in salt 
water but the extraordinarily rapid local breakdown, 
I cannot help thinking that careful and intelligent 
observation of actual cases will lead to more useful 
information than laboratory experiments. 





INDUSTRIAL NOTES. 

THE Minister of Munitions desires to call the 
attention of the public to the fact that under the 
Defence of the Realm Acts and Regulations no person 
is allowed to sell, purchase, hire or loan, or send on 
approval, any new or second-hand machine tool, 
without the permission in writing of the Ministry of 
Munitions. 

Applications from intending purchasers should be 
addressed in the first instance to the executive officers 
of the Area Clearing Houses, the addresses of which 
can be obtained by application to the Central Clearing 
House, Charing Cross Building, London, W.C. 2. 

Applications for permission to sell should be 
addressed to the Machine Tool Department, Charing 
Cross Building, Villiers-street, Strand, W.C. 2. 





Special steps have been taken by the Government 
to maintain the speedy settlement of differences 
referred to the Committee on Production under the 
Munitions of War Acts. The following additional 
appointments to the committee have been made by 
the Prime Minister: Mr. W. W. Mackenzie, K.C. 
(chairman); Mr. J. W. White (employers’ representa- 
tive); Mr. W. Mosses (workmen’s representative). 

This enlargement of the Committee on Production 
increases the number of members to nine, and will 
enable three sections of the committee to sit simul- 
taneously, under the chairmanship of Sir David 
Harrel, Sir George Gibb, and Mr. Mackenzie, respec- 
tively ; it will also enable the settlement of differences 
to be effected with the minimum of delay. 





We read in the journal La Méitallurgie that the labour 
questions are practically all settled throughout France, 
there being only a few points in suspense here and 
there. The commission for distributing labour—a 
commission consisting of the right type of persons, 
who know the works and who act reasonably and 
equitably—continues its action in the various in- 
dustrial regions one after the other. Its decisions are 
far from having the fantastic character of some taken 
by a certain military commission, which led to most 
singular consequences in some districts. Female 
labour continues to develop and to give interesting 
results. The following s are given: 44,860 
establishments occupy 1,512,798 Workpeople, as against 
1,238,623 at the commencement of 1916, equal to 
98 per cent. of the normal total. Since 24 per cent. 
of the men are mobilised, the figures show the aid 
which France is receiving from foreign and female 
labour. In metallurgical works the women number 
14 per cent. to 30 per cent. of the works total staff. 

e same journal says that in view of the es 
termination of all munition work, every establishment 
should start now to find a new orientation for its 
activities and not wait until peace is proclaimed. 
This, moreover, is a necessity from the social point of 
view, so as not to throw idle the large numbers of 
present munition workers. It is the duty of Govern- 
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ment to direct the establishments in the transition, 
with the object of insuring peace at home by obtaining 
work for the whole community. 





According to the Central News, an appeal for stronger 
industrial combination, signed by Mr. Arthur Hender- 
son, secretary of the Labour party, and Mr. C. W. 
Bowerman, secretary of the Trade Unions Congress, and 
endorsed by the executive members of each organisa- 
tion, is about to be issued to the trade union movement. 
It states that as the war nears a close the need for 
stronger industrial combination becomes more and 
more urgent, and the cause of Labour representation in 
politics more and more insistent. Progress is at 
present being made in the direction of co-ordinating 
the work of the Trade Unions Congress and the Labour 
party. 





Speaking at Manchester last Friday, with reference 
to the great need there was for guns and shells, Sir L. 
Worthington Evans, M.P., one of the Parliamentary 
Secretaries of the Ministry of Munitions, said that as a 
result of the recent strike in the engineering trade 
several hundreds of guns were irrevocably lost to the 
Army. One man’s grievance, he added, no matter 
how just, was almost insignificant compared with the 
result of stopping the whole train of war work. 
the last offensive in France more shells were fired than 
in the eighteen weeks of the Somme offensive. Of one 
type of shell alone half a million were fired in one week. 

The Press Bureau report of the speech made by the 
Premier at the secret session of the House of Commons 
on Monday last, with reference to Saturday’s German 
air raid, contains a statement to the effect that “ we 
should have been far better off at this moment but 
for the strike in April last, which lost us between 
150 and 200 aeroplanes.” 





On Saturday evening, the 7th inst., the members 
of the Northfield branch of the Amalgamated Society 
of Engineers held their first annual social meeting. In 
introducing Mr. Herbert Austin as chairman Mr. 
J. J. Bell made reference to the pre-war conditions 
which existed between employers and trade unionists, 
stating that in the past employers were looked upon as 
enemies ; he hoped, however, that the social meeting 
in question, with their employer as chairman, would 
form a precedent for similar meetings between trade 
unionists and employers all over England. “Our 
greatest enemy,’ added Mr. Bell, “was not the 
employer, but the middle man, who maintained friction 
between the employer and the worker.” He hoped 
the action of the Northfield Branch would serve as an 
example to be followed by all the branches of the 
Amalgamated Society of Engineers, as being one 
destined in the highest possible degree to make for the 
furtherance of cordial relations between employers 
and employed. In calling upon Mr. Austin to preside 
at the meeting Mr. Bell said that no man had done 
more for his country in this awful war than their 
chairman and he expressed the hope that before long 
Government would recognise the fact. 





In the course of an interview which he had recently 
with a representative of The Observer, Lord Lever- 
hulme is reported to have stated that the war had 
broadened our horizon, had given us new points of 
view, and had introduced radical changes into our 
social, industrial and commercial systems. The most 
important of these changes, and, in particular, those 
affecting the general standard of wages and living, 
would undoubtedly be permanent, and probably 
progressive. Although the advent of peace would 
witness the abrupt closing of many wide avenues of 
employment—munition factories and the like—which 
now afforded a profitable outlet for the energy of 
many thousands of unskilled workers, the essential 
fact to be remembered was that the high scale of pay 
these workers were receiving, a scale considerably 
above that of their pre-war earnings, had introduced 
into our industrial and social system not only a higher 
standard of wage, but also a higher standard of living 
and comfort. 

The wastage of war would doubtless cause the 
permanent employment of an increased number of 
women; the determination of their sphere and re- 
muneration were problems that would have to be 
solved. 

Lord Leverhulme added that it would be necessary 
for labour, in his view, to be ted in future a direct, 
personal and equitable share in the profits of an 
enterprise in which it was engaged, in addition to its 
ordinary wage; in this connection he further stated 
that he had more faith in co-partnership than in profit- 
sharing. There were striking exceptions, but as a 
rule profit-sharing too often began and ended with a 
bonus, the amount of which was entirely dependent 
Be the goodwill, generosity. or philanthropic instincts 
of the employer. In the case of co-partnership, the 
worker acquired a specific personal interest in the 





business, not a controlling power, but an interest 
which might increase year by year, so that by exerting 
his energy, intelligence and zeal to promote the con- 
cern’s prosperity he was both receiving immediate 
advantages as a co-partner and helping to ensure 
prospective additional advantages for himself in years 
to come. 

He also advocated the adoption of a six-hour working 
day. While the mechanical machine could run for 
12 hours a day instead of eight, the human machine— 
if he might use the term—would consist of two shifts, 
each working six hours. He believed that the human 
machine would do as much in six hours as in eight, 
except in a few industries where exceptional conditions 
prevailed, while the extra hours worked by the 
mechanical machine would enable such an increased 
output to be obtained as would ensure the possibility 
of the same wages being paid to the human machine 
for six as were now paid for eight hours’ work. 





The series of exhibitions of women’s work which is 
being given by the Technical Section of the Labour 
Supply Department, Ministry of Munitions, is continued 
this week and next by an exhibition in the City Art 
Gallery, Leeds. The Leeds exhibition is more exten- 
sive than its predecessors at Bristol, London and other 


In | towns, and its value is enhanced by a considerable 


amount of practical information which is conveyed by 
the majority of specimens. We deal with the subject 
in an article in the present issue. 





Mr. F. G. Kellaway, Parliamentary Secretary to the 
Ministry of Munitions, speaking last Sunday at a 
meeting of the Allied Engineering Trades, Luton, said 
he was confident that once the workmen realised that 
by allowing dilution of labour on private work victory 
would be secured at an earlier date than would other- 
wise be the case, and that the proposal was made in 
the interest alone of the country, they readily would 
make the sacrifice the Government asked of them. 
If the people were told fully what the facts were which 
led the Government to any particular course of action, 
and satisfied their intelligent interest, he thought 
there was no demand which they need be afraid of 
making. Thanks to the devoted efforts of the British 
munition workers, he added, our gunners had this year 
been able to hurl against the German positions a mass 
of shell far exceeding any previous records. In spite 
of this fact our ammunition reserves had practically 
been unaffected both in France and in this country, 
for the production had more than kept pace with the 
expenditure of shells. Our total output during the 
third year of the war had been twenty times the output 
during the first year, and if he was asked to justify 
the dilution of labour he pointed to these facts as an 
eloquent testimony. Every gun and every shell 
placed at the disposal of our armies meant the weaken- 
ing of the German position and greater strength and 
protection forourmen. The demand for certain types 
of skilled labour was far greater than the supply, and 
was growing. The proposal of the Government was, 
under certain conditions, and with rigid safeguards, to 
allow dilution of labour on private work in order to 
bring a proportion of the skilled men now engaged on 
private work on to war work in shipyards and agricul- 
tural implement work, and also for the production of 
aeroplanes. He hoped the Government would be 
permitted to adopt what he believed would be its least 
objectionable alternative, and by dilution of labour in 
certain industries maintain the production at the 
highest level possible having regard to war conditions. 
Labour would be safeguarded in the conditions which 
were to be imposed in the proposals of the Government. 





In order to facilitate the transfer of labour to 
important work, arrangements have now been made 
whereby a proceeding to work of national 
importance, on which they have been placed through 
an Employment Exchange of the Ministry of Labour, 
will be provided with a railway warrant to enable 
them to travel at a reduced rate, The reduced rate is 
five-eighths of the ordinary fares, that is, of the fares in 
operation before January 1, 1917, without the 50 per 
cent. increase. The reduced rates will thus be con- 
siderably less than half of the full rates with the 50 per 
cent. increase. 








New Surpyarps 1n Scanprnavia—At Norrkdéping, 
Sweden, a new yard is about to be constructed where 
the Motala river enters Breviken. Two slips are already 
so far completed that the keel of the first vessel can be 
laid, a vessel of 725 tons deadweight. A shed will be 
built over the slip, so that work can proceed in ali weathers. 
In the first instance cargo motor-boats of moderate 
dimensions are to be built, but the intention isto under- 
take heavier work by degrees ; a floating dock for good- 
sized vessels will also be conabeunnatt It has been 
decided to start a new yard also at Korsér, Denmark, 
specially with a view to the building of wooden vessels, 
both on contract and for own account on speculation. 
Three slips will be erected, and orders have already been 


| received. 





ENGINEERS AND THE ROYAL NAVY. 
To rae Eprror or ENGINEERING. 

Srr,—Owing to the dearth of engineers for the Imperial 
Navy the Admiralty has been reduced to the doubtful 
expedient of advertising for young engineers who will 
be given the rank of engineer-lieut t or sub-lieut t 
(temporary) and the promise is held out that a proportion 
of those joining will be absorbed into the permanent list 
of the active service o rs. 

In spite of the fact that over 200 temporary engineer- 
lieutenants and sub-lieutenants have been entered for 
naval duties since the er of the war, the cry is 
still for more. How much the ill-conceived scheme that 
scrapped Keyham College and introduced the specialisa- 
tion of the Osborne-trained officer for engineering duties 
has to do with the dearth of naval engineer officers is not 
difficult to determine, and that it is one of the causes 
which has created this shortage goes without saying. 
There was pointed out in your , at the time when 
the new scheme of training naval officers was mooted, 
the underlying national danger that lay in that inno- 
vation. As a proof that your = hecies were correct 
it is only necessary to mention the fact that the current 
Navy List shows only 31 Osborne-trained officers who 
have specialised in engineering. In other words, the 
scheme is as dead as ons Anne, and now, when the 
country is plunged in a great war, the Admiralty has to 
search in the highways and byways for efficiently 
trained engineers, and in highways and byways that 
have already been gleaned by the Army authorities, to 
say nothing of what the Admiralty has already done in 
the same direction in securing the 200 odd officers already 
referred to. It is not the purpose of the present writer 
to flog a dead donkey by stating more about the ill- 
sta scheme of common entry and common training 
of the future naval officer, further than to state that 
the putative father of the scheme—a great Admiral— 
meant well; the pity is that he held naval engineering 
so cheaply and its professors of so little account. He 
was wrong; but when men holding great national 
administrative posts err, the nation, and not the in- 
dividuals who are guilty, pays the penalty for their 
mistakes and blunders. 

I am more than doubtful whether the Admiralty will 
succeed in enlisting the right type of young engineer for 
naval duties, as the service requires its followers to 
be many-sided and eminently adaptable to its uliar 
ways. As already stated, the field from which these 
young men may be gathered has been well gleaned, and 
only those who are now engaged in some kind of national 
work can be left. The physically unfit do not count. 
One is therefore tempted to ask why the Admiralty has 
such a predilection for outside entries for commissioned 
rank when it already ap yes matured men who are 
fully acquainted with all the kinks of naval life and who 
have proved themselves, in and out, as being highly 
capable marine engineers. I refer to the engine-room 
artificers and their branches, such as artificer engineers, 
chief artificer engineers and mates (E) who have risen 
from the ranks of the engine-room artificers. There are 
many chief engine-room artificers (each destroyer carries 
one) who are doing senior engineer’s duties in vessels 
that have an indicated horse-power of over 33,000. Chief 
and artificer engineers are the engineers in sole c 
of the motive power of vessels that are up to the power 
stated, so surely, from the ranks of these the Admiralty 
might have found many more than they have alread 
selected for commissioned rank. It can be urged, 
know, with some force, that these men are practically 
irreplaceable in the jobs they are now filling, but if that 
be conceded it is not difficult to understand the irritation 
and chagrin occasioned to these people by the bringing in 
of men from outside sources who are given superior rank 
and placed in authority over men who have given years 
of their lives in getting seasoned to the Navy’s methods 
and all its requirements. I am aware that within 
the pe few months 32 special promotions of chief and 
artificer engineers to engineer-lieutenants have been 
made, e Navy List also tells me that since war 
commenced 80 artificer engineers and engine-room 
artificers have been promoted to mates (E), but the 
two added together are less, by about one-half, than the 
number of temporary commissions which have been 
given to civilians. re is a nasty sting in all this, 
and the smart occasioned by it does not conduce to the 
smooth working of the naval machine. Let the Admiralty 
take its courage into both hands by allowing its charity 
to begin at home, and so give the engine-room artificer 
branch a fairer chance and a wider scope for its un- 
doubted abilities and activities. 

It is easy toimagine an astute Parliamentary spokesman 
for the Admiralty making out a plausible case against 
further promotions being given to the class in question, 
such as the usefulness of these men in the niches which 
they now fill, and against the denuding of the junior 
branch—the working engineers—whilst the war lasts. 
To this we would reply: There are now thousands of 
engine-room artificers who have joined the Navy for the 
— of the war only, and given more tempting con- 

itions than now exist for joining for continuous service, 
hundreds would do so. So the nucleus exists for a war 
and post-war period, even assuming that the training 
establishments fail to make up wastage, Amongst the 
tempting conditions I place first and foremost, that of 
pay. hen it is stated that the starting rate of pay of 
an engine-room artificer is only 5s, 6d. per day, it is not 
surprising if the right kind of man is not always ready 
to listen to the tempter who inveigles men into the Navy 
in times of peace. This rate of pay was established in 
the 1883—thirty-four years d not one 
farthing has been added to it since. is pay, compared 
with the rates obtaining in the engineering trades, is a 
positive scandal, and in many subtle ways it acts and 
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reacts upon the full efficiency of the service. Level 
up the pay to even the pre-war rate in the trades from 
which the engine-room artificers are drawn, when there 
will be no difficulty in obtaining recruits for long service 
in the Royal Navy. Higher pay—this is long overdue— 
coupled with a reasonable prospect of promotion at an 
early age for the fittest men, will solve one of the long- 
standing difficulties on the personnel side of naval 
engineering. 

fn conclusion: I of course only profess to have 
hurriedly skimmed over some of the points in connection 
with the junior, or ranker, branch of naval engineers. 
Naval nomenclature, in so far as it applies to the 
personnel, is difficult for the layman to understand. The 
term “engine-room artificer’’ applies to the naval rating 
who is precisely on a par, in all respects, with the engineer 
in the mercantile marine. Why he is not called by this 
simple name puzzles those who have given study to the 
subject. Simply stated, engineers differ only in degrees 
of ability. Status is determined only by such differentia- 
tion and by nothing else. Powerful vessels of war 
(indicated horse-power is meant) are in charge of chief 
and artificer engineers, and are being run efficiently, 
and yet the Admiralty is flying to outside sources for the 
raw material for manning the higher ranks of the engine- 
room arm of the service and treating its well-tried men, 
such as those indicated above, with a coldness which is 
depressing and starving the feeders of the ranker element 
with a rate of pay that a girl munition maker would 
scoff at. 

With the hope that other readers of your journal ee 
take up this question, as this is no time for fiddling wit 
the efficiency and smooth-running of the Navy, 

I remain, yours, 

Southsea. W. 8. 





GOVERNMENT EMPLOYMENT. 
To tHE Eprror or ENGINEERING. 

Str,—The letter from Mr. W. H. Thorpe appearing 
in your last issue prompts me to write you my experience. 
Since the war I have n mostly engaged on war work, 
both for the War Office and Admiralty, and have been 
in close touch with many departments. It is amazing 
to a practical engineer like myself that many of these 
technical departments are run by men in uniform that 
in pre-war time were members of the legal profession, 
stockbrokers, sugar merchants, &c. I never but once 
met what I call an engineer, who could read or understand 
drawings, patterns, or methods of production, or even 
discuss the job with you in a practical way. Neither 
have I met anyone in office who could gauge a practical 
man and place him to advantage. 

Under the National Service Act I registered in all 
Government departments, giving full particulars of my 
past experience, and what I had done and was doing for 
the Government at the time; from all these departments 
T never had one satisfactory reply—some did not even 
acknowledge my letters at all. From the Air Board I 
had a letter saying draughtsmen were badly wanted 
at a salary of 3/. 10s. a week for 48 hours, and no 
travelling expenses allowed, and if I should take up such 
an appointment I should be doing work of great national 
importance, 

ow this war requires the services of all our prac- 
tical engineers properly organised to win it. One 
is constantly being told the Germans are far more 
clever engineers than we are. There is one thing I do 
know, the Germans appreciate practical men before 
the legal profession ; their technical departments are not 
run by barristers, lawyers and stockjobbers whose business 
went slump owing to the war, and who now hold com- 
missions through influence to do work and control what 
they do not understand, but ‘‘swank they do,” and, 
further, many of these gentlemen in office are evading 
military and naval services. 

The Air Board is, moreover, a muddler in reference 
to building air engines and aeroplanes; they are 
pe doing now what might have been done in the 
early stages of the war. To use Lloyd George’s ex- 
pression, “Too late here! Too late there!” coupled 
with mechanical ignorance. Let our Government 
remember this: the engineers of this country made 
England, Europe and the Empire. The engineer can 
build it up again—not barristers and legal gentlemen, 
who, in the past, have done all they could to bring it 
down for their own personal yain. 

Yours eee 
“ Vuioan.” 
July 10, 1917. 





FUEL ECONOMY. 
To tue Eprror oF ENGINEERING. 

Sir,—In your issue of July 6, under the heading of 
** Notes,”” reference is made to la steam turbine 
plants, and to a paper presented by Mr. J. A. Robertson 
at the recent meeting of I.M.E.A. »n ‘ Fuel Economy.” 
In this paper Mr. Robertson refers to higher steam 
pressures and temperatures than aj present used, as a 
means of obtaining economy in fuel. 

As the writer has been a consistent advocate of these 
means for securing fuel economy, and has designed and 
operated a plant of this nature for a considerable time 
at Rugby, perhaps you will permit the following informa- 
tion being put before your readers :— 

At the British Association meeting at Dundee, 1912, 
Dr. Dugald Clerk read a paper on the gas turbine, and 
in the discussion following the paper the writer suggested 
that, whilst waiting for thee gas turbine to become 
practicable, @ good deal might be done to improve the 
economy of steam plants by using higher steam p 


experiments on a fairly large scale were about to be 
started to prove this contention. 

The directors of the British Thomson-Houston Com- 

y, Limited, provided means for manufacturing and 

installing a plant of 1,500 kw. capacity, using extra high- 
pressure steam, and this plant was successfully put into 
commercial service about two and a half years ago. 

Engineers interested in thermodynamics will know 
that for a given temperature the total heat required 
to be put into the steam decreases as the pressure goes 
up, and at the same time more heat is available for 
work. For readers not familiar with the properties of 
steam it may be of interest to see this relationship in the 
form of readily interpreted curves. The curves given 
below are based on adiabatic expansion, on the feed 
water entering the boiler at 80 deg. F., and that the 
expansion is taken down to a pressure equal to 28} in. 
vacuum (barometer 30 in.). The efficiency-ratio shown 
on the curves is derived from the relation of : 

Heat available in steam 
Total heat in steam 

From the curves, Figs. 1 and 2, it is seen that the 
improvement in efficiency is greater the higher the 
temperature. For instance, at 175 1b. absolute pressure 
an increase in temperature from 700 deg. to 800 deg. F. 
increases the thermal efficiency nearly twice as much as 
does the rise in temperature of from 400 deg. to 500 deg. F. 
The relationship of pressure and efficiency is also readily 





Fig! RELATIVE EFFICIENCY OF ADIABATIC EXPANSION 
FEED WATER | 80°F. 
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observed—for instance, the same efficiency is obtained 
with steam at 300 lb. pressure and 500 deg. F. tempera- 
ture as at 175 lb. pressure and 800 deg. F. temperature. 
The highest permissible safe working temperature of 
steam is about 800 deg. F. as applied to ordinary boiler, 
piping, and turbine material now in use. With the 
snp me | limit thus given, higher economy can only 
be obtained by increasing the pressure. 

When the experimental plant at Rugby was decided 
upon it was hoped that a pressure of 500 Ib. could be 
used. After consultation with Messrs. Babcock and 
Wilcox a compromise pressure of 350 lb. was decided 
upon. the steam to be superheated to a total temperature 
of 700 deg. F. The capacity of the boiler was to be 
18,000 Ib. of steam per hour, and the type selected was 
the makers’ well-known self-contained, marine type, 
with boiler, superheater and economiser sections inside 
one casing, and fitted with chain grate stoker and induced 
draught. The turbine, which is of the impulse type, 
was built to standard design modified to suit the new 
conditions. The generator is totally enclosed, and the 
air used for cooling is delivered to the boiler grate. The 
plant auxiliaries call for no special comment. The plant 
was first put into service at the end of 1914. Steam 
consumption tests have been taken, and the results are 
given on the curve (Fig. 2). The figures obtained include 
generator losses and excitation, but do not include 
power for the auxiliaries. 

It should be stated that with a turbine designed 
especially for the high steam conditions an improve- 
ment in the steam consumption at full load of about 
0.4 Ib. per kilowatt-hour can be obtained, but this 
was not possible with the present machine because, 





and temperatures. He contended that a fuel saving 
of 15 per cent. to 18 per cent. was certain, and that 





tated above, standard parts as were available in 
1913 were used in its construction. Tests on the boiler 
show an efficiency varying from 80 per cent. to 83 per 





cent. To ascertain the actual consumption of coal per 
kilowatt-hour a 10 hours’ test was taken, which gave 
1.83 lb. of coal per unit generated, the vacuum obtainable 
being but 27.7 in. The average heat value of the coal as 
fired was 10,985 British thermal units per pound, or the 
equivalent to 20,000 British thermal units per unit 
generated. The mean heat value of the coal was ascer- 
tained from three average samples, tested by three 
independent laboratories, all agreeing very closely. The 
above coal consumption refers to the turbo-generator 
unit only, and does not include the power taken for 
auxiliaries, which could not be properly estimated, the 
circulating pump also supplying other condensers. 
The new plant proved so successful and economical 
that it was put in commercial operation on the power 
circuit for the works. The saving in coal has exceeded 
the 15 per cent. to 18 per cent. already mentioned owing 
to the improved efficiency of the new plant under the 
constantly varying load and power conditions in a large 
works, though the older power plant is of comparatively 


modern construction. Only minor troubles have been 
met with either in turbine or boiler. Some parts were 
found unsuitable for the high temperature, and had to be 


renewed, but these have been of minor character, and 
have not interfered with the operation of the plant, and 
it may be stated that the turbine and boiler have passed 
out of the experimental stage. The plant was opened up 
and examined during the last Christmas holidays and 
found in good condition. As only three days were 
available, the inspection could not be as thorough as 
desired, and will be made again during the present 
month, when time will permit of a more careful examina- 
tion. Should anything of interest be found, or faults 
discovered which would alter the writer’s present opinion, 
he would like the hospitality of your columns to return 
to this subject. 

The writer recently had occasion to look into a large 

wer plant scheme with favourable load factor, and 
ound that with a boiler pressure of 350 Ib., steam 
temperature 750 deg. F., circulating water temperature 
55 deg. F., the heat consumption per kilowatt-hour 
generated works out at 15,000 British thermal units, 
which includes a boiler efficiency of 80 per cent., with 
all losses in turbo-generator, but does not include power 
for auxiliaries. Allowing 6} per cent. for the auxiliaries, 
the gross heat consumption per unit generated will be 
about 16,000 British thermal units. 

Mr. Robertson in his paper anticipates a coal con- 
sumption of 1.45 lb. per unit sold, and with a good 
quality of coal this seems to be well within the possibilities 
of the art to-day. 

Yours faithfully, 
FREDERICK SAMUELSON. 

Rugby, July 9, 1917. 





BRITISH THERMAL UNIT. 
To THe Epiror or ENGINEERING. 

S1r,—Most engineers must have been struck with 
the clumsiness of the expression ‘‘ British thermal unit.” 
If it is abbreviated to B.T.U. there is the further dis- 
advantage that these initial letters are precisely the same 
as those for ‘“‘ Board of Trade unit’’ forelectrical supply. 

Would it not be possible to adopt a simple weak to 
express our heat unit, in the same way as the word 
“‘ealorie’’ expresses that on the metric system? I 
would suggest that we coin the word “therm ”’ for this 
purpose. It would be quite suitable, and the symbol 
abbreviation Th. would still stand, as at present. 

Perhaps the philologists may come down on me as 
being a coiner of barbarous words. Idon’tcare. Therm 
would be a convenient word to express what is meant, 
and it does not matter whether it is derived in orthodox 
fashion or not. As a scientific term it would perhaps be 
all the better for having no other meaning attachable 
to it. 

Yours truly, 
G. L 


Parliament-street, Westminster, July 7, 1917. 





THE MAGNETIC PROPERTIES OF MANGANESE AND 
MANGANESE SrTEELts.—At the meeting of the Royal 
Society held on June 28 a paper was read by Sir Robert 
Hadfield, F.R.S., Ch. Chéneveau and Ch. Géneau. 
“A Contribution to the Study of the Magnetic Pro- 
eee of Manganese and of some Special Manganese 

teels.” (1) The research has had for its object the 
investigation of the mass-susceptibility of manganese 
metal, and of certain of its alloys with iron and other 
metals. The work was carried out on a Curie-Chéneveau 
magnetic balance. (2) Manganese itself, when free from 
occluded gases, is para-magnetic, its value of X being 
+ 11.0 x 10-6 +2 per cent. This corresponds on 
Weiss’s theory to a number of magnetons equal to 6. 
The removal of occluded gases is essential, as the ferro- 
pap ona properties of certain specimens of manganese 
is shown to be due to the presence of hydrogen. (3) The 
manganese alloys investigated, with one exception, are 
all para-magnetic, X varying from 17.0 x 10-6 to 259.0 
x 10-6, The exception mentioned is a silico-manganese 
steel containing 6 per cent. of silicon, which is distinctly 
ferro-magnetic. (4) An endeavour is also made to 
correlate the values of the mass-susceptibility with the 
composition of the alloys. In this connection it has 
been shown that the quantity of manganese within the 
limits investigated has very little influence. upon the 
susceptibility, whilst increase of carbon tends to decrease 
it. general it is concluded that in these special steels 
the susceptibility decreases as the carbon-manganese 
ratio increases. (5) The carbon-manganese ratio being 
constant, addition of chromium, nickel or tungsten 
raises the susceptibility. (6) The addition of copper to 
@ manganese-nickel steel also raises the susceptibility— 
this notwithstanding the diamagnetism of copper. 
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WE illustrate on this page a drill chuck which is now 


being manufactured in quantity by Messrs. Louis | 


Wearden and Guylee, Limited, of Snowden-street, 
Bradford, most of the work being done by female 
labour. The tool illustrated will take any size of drill 
shank from 0 in. up to ;% in. in diameter. For small 
sizes of drills, chucks are, of course, practically indis- 
pensable, as straight shank drills in small sizes are 
more readily obtained and cheaper than taper shanks. 
The general arrangement of the chuck will be easily 
understood on reference to Fig. 1, whilst its component 
parts are shown separately in Figs. 2 to 7. The drill 
is held by three hardened steel jaws F, Figs. 1 and 7, 
which are guided by slots cut in a stem which is 





| provided, and for turret lathe work the chuck is 
constructed with a long parallel shank to fit the hole 
in the turret. 





ACTIVATED SLUDGE PROCESS OF SEWAGE 
PURIFICATION AT WORCESTER.* 


By Mr. Tuomas Catnx, Assoc.M.Inst.C.E., 
City Engineer. 

In December, 1914, a deputation from the Corporation 
of Worcester, including the mayor, Alderman H. A. 
Leicester, and the members of the Water and Sewerage 
Committee, with some other members of the City Council, 
visited the Salford Sewage Works to see the activated 





permanently screwed into the knurled head of the 
component B. The backs of the jaws F abut on the | 


hardened steel ring E, which, in turn, bears on the | 
ball thrust D, Fig. 5. A hardened collar C is provided | 
to transfer the load to the component A. This com- | 
ponent A is screwed with a square thread, to take the | 
screwed end of the component B. The chuck is self- | 
tightening. When the drill is at work the torque on it 
tends to screw B further into A, thus causing the 
jaws F to grip the drill still more tightly. 
Owing, however, to the use of the ball thrust the chuck | 
never jams, but can always be easily loosened, and drills | 
are readily removed and replaced without stopping the 
machine. One user reports that at his works this is| 
done even when the speed is as high as 1,000 r.p.m. | 
The chuck has no projecting parts whatever, and no 
screws of any kind are used to keep it together. This | 
end is attained by the use of split rings of hard wire 
sprung into place. For instance, the component B 
is prevented from unscrewing completely and thus 
disassembling the chuck, by means of a wire which fits 
under an internal lip formed at its upper edge. Sufficient 
clearance is provided between this lip and the body 
of the component A to allow the wire to be sprung into | 
place. The diameter of the wire is such that it then 
projects slightly beyond the lip above-mentioned and | 
cannot pass over the shoulder of E, which projects 
slightly beyond the outer surface of component A. | 
A similar system is used to retain in place the 
ring E. 
_ Every part of the chuck subject to pressure or wear 
is hardened, and all parts are made interchangeable, 
being finished by precision grinding to very small limits 
of error. A shank having a Morse taper at one end 
and a fine taper fitting the hole at the top of the chuck 
is provided for adapting the chuck for use in ordinary 
drills. The same chuck can thus be used on any 
drilling machine by changing the shank with, say, 
a No. 1 Morse taper for another with, say, a No. 3 
Morse taper, or whatever other standard taper the new 
machine may require. Straight shanks are also 





sludge process of purification, which was experimentally 
in operation there. Mr. Mellin, the chemist, and Mr. 
Duckworth, the manager of the works, kindly met the 
visitors and explained to them the process. The 
deputation had the further privilege of ing accom- 
panied by Dr. Fowler, of Manchester University, from 
whose investigations the process is mainly the outcome. 
The deputation was greatly impressed with the simplicity 
and compactness of the purification arrangements, as 
well as with the effluent produced, but as no particulars 
of the consumption of air required and other items of 
cost were then available, the City Council was content 
to await further developments of the process. 

The method experimented with was an intermittent 
one, known as the “ fill and draw’ method. The writer 
was impressed with the conviction that until a continuous 
method was devised, which did not appear to be a very 
difficult proposition, the process was not likely to receive 
general acceptance. The ition was not greatly 
dissimilar to that which obtained twenty years ago. 
At that time the intermittent method of bacterial 
= by contact beds had spread pretty widely. 

e author was at that time convinced that superior 
results would be achieved if the bacterial filtration could 
proceed continuously by percolation. He accordingly 
devised the self-propelled distributor, which was intro- 
duced to the engineering world under the title of the 
Candy-Caink distributor. This device made practicable 
the continuous percolating filter, which, by its extremely 
wide adoption for sewage purification, has shown that 
the anticipations which the author entertained were 
amply justified. A similar development has now been 
made with the activated sludge process, and with similar 
beneficial results, both in capital outlay as well as 
running costs. It is the continuous method of this 
treatment that has been experimented with at the 
Worcester sewage works during the past twelve months. 

Messrs. Jones and Attwood, in company with Dr. 
Fowler, visited the Worcester works, to ascertain if the 
sewage tanks could be conveniently adapted to the 
arrangements they had designed for giving effect to the 
continuous method, Dr. Souter thought the tanks 
were ideal for the pu The firm accordingly 
approached the City Council with a proposal upon the 
“no cure, no pay” principle, which was Anally accepted 


* Paper (slightly abbreviated) read before the Associa- 
tion of Managers of Sewage Disposal Works on July 7. 








by the council and embodied in an agreement. The 
firm was given ion of two-thirds of one of the 
tanks, which were in duplicate, to make what alterations 
they thought necessary, and if the experiments were 
successful they were to be paid, at the expiration of 
twelve months a sum mentioned in the agreement. 
If not successful, they undertook to remove their plant, 
&c., and restore the tank to practically its original state. 

The experiment was to be regarded as a success if, 
without causing any nuisance or offence, it treated 
750,000 gallons per day dry weather flow, and twice 
that quantity wet weather flow, so that the resulting 
effluent should be incapable of putrefaction, and contain 
not more than four parts by weight of suspended matter 
in 100,000 parts of effluent. The firm was also required 
to submit to the city engineer for his perusal, but not 
for his approval, drawings showing the arrangements 
they proposed to adopt. It will be understood from 
this that, whatever merit there is in the scheme, which 
the association will have the agen of inspecting, 
the credit thereof belongs entirely to Messrs. Jones and 
Attwood, and in no sense to the author, with the excep- 
tion, perhaps, of some details suggested by him. 

It was obvious that if the activated sludge process of 
purification was to become one which sewage engineers 
could entertain, the quantity of air used in the Salford 
experiment when the deputation visited those works 
must be greatly reduced, so as to bring the cost of 

jumping air within reasonable limits, and, as has already 
m remarked, it was extremely desirable that a con- 
tinuous method should be found. The experimental 
plant at Worcester is an effort to give effect to these 
two desiderata. 

It was clear from the investigations of Dr. Fowler 
and others that the purification was effected by keeping 
the activated sludge, which held the myriads of oxidising 
organisms, in intimate contact with the liquid to be 
purified, and by keeping the organisms supplied with a 
sufficiency of oxygen from the air. Hence the more 
finely the sludge was broken up, and the more evenly it 
was distributed throughout the mass of liquid, the more 
intimate was the contact between the solids and liquid. 
The question, therefore, b . What is the most 
efficient method of producing fine subdivision and 
suspension of the solids ? 

othing seemed so effective to this end as agitation 
of the entire mass of liquid and solids by the blowing in 
of atmospheric air, while this method the further 
advantage of supplying the necessary oxygen to the 
organisms. As the need of the latter requires only a 
fraction of the air demanded for the former, the economi- 
cal problem becomes reduced to one of devising a method 
of suspending the sludge throughout the mass of liquid 
with the minimum consumption of air. The plant 
installed at the Worcester age Works is Messrs. 
Jones and Attwood’s contribution towards the solution 
of this problem. 

It will easily be seen from what has been said that it is 
important to remove detritus and all other heavy matter 
in the sewage before passing it into the aeration tank. 
All large, suspended, non-putrefactive, organic matter 
should also be sereened, and as these substances neither 
need rification themselves nor contribute to the 
purifying pee, they are “‘ matter in the wrong place,” 
and should be eliminated. 

The portion of the tank handed over to Messrs. Jones 
and Attwood for their experiment had a net water 
capacity, at a depth of 17 ft. 3 in., of 626,000 gallons. 
It cons of a rectangular tank, 86 ft. 3 in. by 78 ft. 
by 18 ft. deep from coping to floor. It was divided into 
nine longitudinal bays extending from the inlet channel, 
which ran across the entire width of the tank, to its 
opposite end, by eight division walls, 9 in. thick, all the 
bays having a water communication between them at 
the lower or outlet end. These longitudinal bays were 
subdivided by three transverse walls, finally formin 
36 rectangular bays, each 21 ft. long by 8 ft. wide an 
18 ft. deep. Of these, 20 are devoted to aeration, 
8 to the settlement of the sludge, and the remaining 8 are 
at present not in use. 

verting to the Salford tank, the arrangement for 
aeration consisted of air pipes laid on the floor of the 
tank, which was flat, containing perforations for the 
exit of air spaced about 1 ft. apart. Any material 
increase in the distance between the air exits was found 
to result in the settlement of sludge on the floor in the 
intervening spaces. 

For the purpose of increasing the intervals between the 
air jets, and to avoid the piling up of sludge on the floor 
of the tank, a series of concrete ridges and furrows have 
been constructed over the entire floor area of the aeration 
tank, the ridges occupying the spaces on which the sludge 
would accumulate if the floor were flat. In the furrows 
porous tiles, called ‘‘ diffusers,’ are laid, through which 
the air is delivered to the liquid. The author thinks 
these are a distinct improvement upon the plain jets. 
By means of these ridges the distance between the air 
outlets have been greatly increased. 

In the first longitudinal set of bays, which .receives 
the raw sewage, the rows of diffusers, which run across 
the bays and are | ft.in width, are separated by a distance 
of 5ft. By these diffusers a vertical] circulation of the 
water is set up, returning upon itself, while the air escapes 
at the surface. In the remaining aeration bays a some- 
what different arrangement of ridging has been adopted, 
whereby the distance between the rows of diffusers is 
increased to 10 ft., thereby reducing the consumption to 
one-half of the former series for a given area of tank. 
Each row consists of eight diffusers, each 1 ft. square, 
laid transversely across the bay. The circulation 
resulting from this arrangement, instead of being local 
to each row of diffusers, as is the case in the first longi- 
tudinal bay, is that the air drives the liquid forward. 

Advantage is taken of this to create a horizontal 
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i d two contiguous series of longitudinal 
bays; ® portion of the water returns, and a portion is 
taken by the next pair to travel in a borizontal circuit 
in these. From these the now oxidised liquid, containing 
its full compl t of pended sludge, passes into 
the settling bays. These eight bays are formed into 
four tanks, having ‘their floors shaped into inverted 
pyramids sloped at an angle of 60 deg. from the horizontal. 





and is driven by a 40-h.p. direct-current motor. The 
tity of air delivered seemed greater than was needed ; 
ie apeel of the machine was, therefore, reduced, by 

ing the diameter of the motor pulley, to 150 
| revolutions, yielding (not pounaiag slip) 416 cub. ft. per 
| minute, with a consumption of electricity of 365 units 
per day. The reduction of s' doubtless diminished 


| deliver 562 cub. ft. per minute, with a speed of 235 r.p.m., 





| pressor plant into three units, one having a capacity 
| equal to the maximum air required, another of 75 per 
cent., and the third of 50 per cent. of the maximum. 
| Observation of the running of the plant affords evidence 
| that the quantity of air used is capable of oxidising a 
| greater quantity of sewage than the above figures 
| indicate. 

| It has been said that the sludge problem is the sewage 





At the apex of each pyramid a sludge lift is provided, | to some extent the efficiency of the air-compressing plant. | problem ; that the solution of one is the settlement of the 


consisting simply of a 6-in. pipe, in the bottom of which | The air is conveyed to the tank through a cast-iron main, | other. 
a stream of air is blown, which raises the settled sludge 9 in. diameter, from which 5-in. and 4-in. branches are | the activated slud, 
and discharges it into an 8-in. horizontal sludge main, taken along the coping courses of the division walls. | aon problem, 


. which conveys it into the inlet channel, where it mixes 
with the incoming raw sewage and returns to the aeration 
tank, the excess sludge being drawn off and conveyed 
to sand beds for drying and disposal. 

The sludge as it leaves the settling bays contains usually 
about 95 per cent. of water, in addition to a considerable 
quantity of free water, which rapidly drains away. The 
purified effluent is decanted from the settling tank into 
troughs, which convey it to the effluent channel. The 
total net capacity of the aeration bays affords an 
aeration period of 6 hours, with a rate of flow of 1,000,000 
gallons per 24 hours, plus 20 per cent. of sludge. The 
settling bays give a detention of 1 hour and 40 minutes 
for the same rate of flow, but without the sludge. The 
actual quantity treated per diem is usually 750,000 
gallons, which gives 8 hours’ aeration and 2} hours’ 


Fig.1. SECTION EF. 











































































































From these, wrought-iron tubes, 1 in. and 14 in. diameter, 
| are carried to the diffusers, which are laid upon the floors 
of the tank, between the ri . 

The total area of the diffusers, each of which is 12 in. 
square, is 313 sq. ft., being about one-tenth of the water 
area in the aeration tank. The pressure of air at the 
oungeese is 9 lb. per square inch ; the quantity of air 

is 0.8 cub. ft. per gallon of sewage; the price paid 
for electricity is $d. per unit; the consumption of 
electricity for the air supply is 488 units per 1,000,000 
gallons ; and the cost, at the price paid, 30s. per 1,000,000 
gallons treated.* 

The air compressor should be in duplicate, so that 
the aeration may not be suspended in the event of 
the machine requiring repairs. Probably the most 
economical arrangement would be to divide the com- 








If that is so, then the author is of opinion that 
process is the solution of the sewage 
ause, whatever fertilising value the 
| sludge resulting from the process may nor may not 
possess, it is an innocuous material, and may be de- 

ited anywhere without offence. That it does possess 
important fertilising properties is unquestionable, but 
how to apply it most economically to the land is open 
to much consideration. It eg to the author, so far, 
that after simple air drying for a few weeks in very thin 
layers it could be conveyed by mechanical traction to 
the land, to distances which would ensure a profitable 
return for the expenditure, without causing the least 
offence. If that proves to be the case, the importance 
of the process will eventually be enormous from the 
point of view of production of food crops. The character 
of the Worcester sewage is a fairly average one from the 
domestic and manufacturing point of view. The city is 
entirely water-closeted ; a considerable portion of, but 





Fig.3. SECTION A.B. 








































































































(Signed) R. Nuxp. 


The air compressor supplied with the plant for aeration 
is a double-acting reciprocating machine, designed to 
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settlement. With these flows the conditions of the | ANaALysis. 
ih Anacued am coniyecs 0 the intlow ant clieant. Analysis of Sewage Bfiuent from Worcester 
So far as experiment has proceeded the requirements Sewage Works, taken May 31, 1917. 
relating to the wet weather flow have not been fulfilled Parts per 100,000. 
with respect to the suspended matter, the settling area Solids in suspension ... wee race. 
being apparently insufficient. ” solution dried at 100 
deg. C. ... 143.0. 
ANALYSIS. - »»  @ppearance Brown. 
Analysis of Screened Sewage taken May 31, 1917. ” » after ignition 126.0. 
Worcester Sewage Works. Behaviour of solids in ignition —as and 
our. 
Solids i ; Parts per 100,000. Phosphates... iis ed e. 
Solids in suspension ... eee 10.4, Chlorine calculated as common 
» solution dried at 100 el i en gee 67.7. 
deg. O; _-. Free and saline ammonia 2.6. 
” ” Sheoeianiti, iti 132.0. Albuminoid ammonia... ae 0.17. 
Bebavi » | atterignition ue Oxygen absorbed in 4 hours ... 0.56. 
naviour of solids in ignition Blackening and Nitrogen in nitrates and ni- 
Ph = odour. trites ose owe eee None. 
Chic hates... eee sis ase. Colour ... Slightly opal- 
— calculated as common aan escent. 
Frve and saline ammonia 2.0. eae = sg 
° — hohe ake eee 0.57. Dissolved atmospheric oxygen absorbed in five 
ee en Sane 2.1. days (Adeney’s test) = 0.63 parts per 100,000. 
itrogen in nitrates and ni- No putrefaction observed in five days (incuba- 
. — oes ves None. tion test). 
De vane 1 Deck t. Remarks.—The above effluent is satisfactory. 
Snell “a | (Signed) Ror. Ninp. 


* 10 per cent. has been added to the price of current 
_ since war began, which makes the cost 33s. per 
1,000,000 gallons. 
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by no means all, the surface water is separated from the 
sewers, and there is a variety of manufactories, com- 
prising breweries, porcelain works, glove works, tanneries, 
chrome leather works, engincering works, foundries, 
tinplate works, and others. 
en Messrs. Jones and Attwood submitted the 
drawings showing the alterations they a poe to make 
to the tank to adapt it to the process they were going to 
experiment with, the author was impressed with the 
conviction that more energy—mechanical, chemical and 
bacterial—might be obtained from the air used if, 
instead of allowing it to escape into the atmosphere 
immediately on its reaching the surface of the water, 
it were made to travel horizontally, carrying with it a 
stream of liquid for a distance, by covering the tank with 
& more or less airtight roof. He ees submitted 
to the firm a design for an aeration tank upon those 
lines, as well as a settling tank by which, he conceived, 
superior effects would be obtained for a given quantity of 
air supplied to the liquid. He has since then further 
developed the scheme along the same lines, and ventures 
to submit a description and drawing of it for the con- 
sideration of the association. 
The objectives sought to be reached are :— 


Aeration Tank. 


1. Prolonged contact between air and liquid. 

2. Simplicity and moderate cost of tank construction. 
3. msion and fine subdivision of the solids, and 
ration with 8 minimum expenditure of air. 

4. Impossibility of short-circuiting of the liquid from 
let to outlet. f 

5. Facility for draining tankin the event of its requiring 
to be emptied. 
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6. Easy removal of air diffusers for examination and 


ange. 
7. Facility for observing progress of purification in 
the transmission of the liquid from inlet to outlet of 
aeration tank. 

8. Adaptability to variations of flow from minimum 
dry weather to maximum wet weather, and from day 
flow to night flow. 


Settlement Tank. 


10. Uniformity of forward movement of the entire 
volume of effluent, so as to obtain the maximum settle- 
ment of sludge with the minimum tank capacity. 

1l. Certainty of early and complete removal, and 
restoration to aeration tank of the deposited sludge. 

12. Adequate length of weir over which the final 
effluent flows to its destination. 

The engravings on page 50 illustrate a of a 
tank designed to deal with a dry weather flow of 
2,000,000 gallons of sewage, and a wet weather flow of 
6,000,000 gallons per day. This would provide for a 
population of 50,000, with a water consumption of 
40 gallons per head per day. The internal dimensions 
of the aeration tank are 86 ft. 9 in. and 18 ft. deep from 
coping to floor, and it has a net ee of rather more 
than 650,000 galldéns with a depth of water of 17 ft. 
This capacity gives an aeration period for 2,000,000 
gallons per day of 6 hours, and for 6,000,000 gallons per 
day of 2 hours, assuming a sludge proportion of 25 per 
cent. of the entire volume. 

The tank is divided into 10 longitudinal bays by walls 
running the whole length of the tank, the walls having 
their lowest course 1 ft. 6 in. above the floor, and the top 
courses 2 ft. 6 in. below the water-line. Nine of these 
bays are covered by a more or less airtight roof, carried 
by arcbes resting upon the division walls. The best 
material for this a be ferro-concrete, but in 
the drawing appended the roof is shown constructed of 
timber, composed of 11-in. by 4-in. planks rebated at their 
edges so as to form a joint } in. wide, intended to bo filled 
with soft bitumen. This arrangement would facilitate 
the removal of any part of the roof for reviewng the air 
diffusers when necessary, or for other — One of 
the longitudinal bays is left uncove or the exit of 
the air used for circulation and aeration. 

A row of diffusers, which are suspended by wrought- 
iron tubes from the cast-iron air main running above the 
roof, extends along the entire length of the bay, at the 
opposite side of the tank, to that of the unroofed bay. 
Other diffusers, similarly suspended, are distributed 
over 80 other bays, at distances apart of about § ft., in all 
directions. Over each of the latter diffusers a shield or 
deflector, 6 ft. square, consisting of elm boards submerged 
3 ft. below the roof, is suspended (Figs. 1, 2, and 3). 

In the wall separating the aeration from the settling 
tank a number of openings for conveying the liquid from 
the former to the latter are provided. 

The dimensions of the settling tank are 86 ft. 9 in. long, 
23 ft. wide, and 21 ft.deep. The depth of water from the 
crest of the overflow weir, which is level with the under- 
side of the roof of the aeration tank, is 20ft. The settle- 
ment tank is unroofed, its capacity is 250,000 gallons, and 
gives a settling period of 3 hours for 2,000,000 gallons per 
day. The floor is flat over its entire area. A siphon, 
having its horizontal limb about 3 in. above the floor, 
swetehes across the length of the tank, its vertical limb, 
which is 10 in. in diameter, discharging into a channel 
running between the aeration and*the settling tanks. 
The horizontal limb is perforated, and carries a series of 
scrapers pivoted upon a rod below the pipe, the other 
ends resting on the floor (Fig. 4). e siphon is 
suspended from a pair of wheeled carriages which run 
upon steel rails, laid on each side of the.tank, upon 
trunnions, whereby the submer portion of the siphon 
may be easily lifted to the surface for examination and 
removal of the scrapers when necessary, without empty- 
ing the tank or otherwise interfering with the continuity 
of the operation. A small electric motor mounted upon 
one of these carri drives the siphon through speed- 
reducing gear to and from end to end of the tank. This 
is probably the most convenient form of drive, but 
generally there would be ample power in the flow of the 
effluent to give motion to the siphon, without the small 
expenditure of electricity. The effluent weir runs the 
entire width of the tank, and conveys the water to a 
channel which discharges into a culvert, conveying it to 
the river. 

_ The action of the plant will have been anticipated from 
its description. The tank is filled to the underside of the 
roof from the inlet channel with raw sewage, admitted 
through nine —_ spaced at regular intervals along 
the channel. Air is Tose through the diffusers into the 
liquid, but instead of immediately escaping at the 
surface into the atmosphere, it is forced along under the 
roof to the only exit at the opposite end of the tank in a 
stream of water which flows at a velocity depending upon 
the volume of air transmitted through the diffuser. 

this is happening throughout the whole length of the 
tank from inlet to outlet, the upper layer of water over 
the entire area is set in motion in the same direction from 
the diffusers to the opposite side, where the uncovered 
Portion of the tank offers an escape for the air. 

The stream of water creates a head at this point, 
setting up a return current, the intervening walls forcing 
the stream to flow along immediately above the floor 
with a scouring velocity, effectually preventing the 


lodgment of solid matter thereupon. A moving belt|d 


of water is thus created over the entire area of the tank. 
As, however, the sewage is constantly entering the tank 
and moving towards the outlet, each particle of water 
in the belt will assume the direction of a spiral or screw, 
the pitch of which will depend upon the relative velocities 
of the forward motion, due to the inflow, and of the 
circumferential motion, due to the influx of air, and, by 
this spiral motion, eventually reach the settling tank. 





The openings which convey the raw sewage from the 
inlet channel into the tank are placed at pts a level 
as to be near the middle line of the upper moving belt 
of water. The sewage, therefore, is immediately caught 
in the vortex and carried round the spiral stream, thereby 
preventing the possibility of short-circuiting, that is, of 
taking a more or less direct course to the outlet. 

It will be seen that the mass of liquid lying between the 
moving zones is more or less stationary. In order to give 
motion to pe water — to the solids in 
suspension, and to give an adequate supply of air to the 
organisms, the isolated diffusers are Tided The air 
from these rises through the liquid and is deflected by the 
shields escaping at their edges, contributing more air to 
that in the upper layer and adding to the velocity of the 
moving liquid, at the same time causing a local crater- 
like circulation of the water to be set up by each diffuser. 
It will be noticed that there are three distinct motions 
given to the liquid—the flow from inlet to outlet, the 
circumferential motion, and the crater-like motion— 
~ actual movement forward being compounded of all 
three. . 

The question may be asked, What is the most 
economical depth for the aeration tank ? The following 
theoretical considerations may be of service in answering 
this question, although the actual depth which may be 
economical for any particular case will, of course, greatly 
depend upon the circumstances of the site and the nature 
of the ground encountered. The energy expended in 
creating a velocity of current is almost entirely absorbed 
by friction. Hence the shorter the distance the stream 
has to flow, the smaller is the friction developed for a 
given velocity, and consequently the less the energy 
absorbed in overcoming it. The form of rectangle of a 
given area which has the shortest periphery is, of course, 
the square ; hence a rectangular tank which would offer 
the least friction to the circumferential current, in the 


method last described, is one of which the depth would | d 


equal its breadth. 

In practice, this would 1 gran be out of the question, 
because a tank 100 ft. wide would have to be 100 ft. deep. 
But the consideration shows that, other things being 
equal, the deeper the tank the less loss of power in 
circulating the water at a given velocity. Take the 
following example. In a tank of a width of 100 ft. and 
a depth of 10 ft., the water would travel 10 + 100 + 10 + 
100, total 220 ft. In a tank of the same capacity, 50 ft. 
wide and 20 ft. deep the water would travel 20 + 50 +- 
20 + 50, total 140 ft. The difference in the energy 
required to overcome the friction for the same velocity 
of current in these cases would be appreciable. 

In considering adaptability to variations of flow, it is 
clear that a tank capacity, both for aeration and settle- 
ment, must be provided to deal with the maximum 
—- intended to be treated, and that the entire 
sludge content of the aeration tank must be kept active 
by maintaining alive the oxidising organisms, and that 
can only be done by a more or less continuous supply of 
air. 

Experience has shown that a more diluted sewage 
does not demand so long a 3 of aeration as a stronger 
one. It may provisionally be taken that double the 
tank —w which is required for the dry weather flow 
will suffice for three times that flow diluted with storm- 
water. Hence, if the full capacity of the tank capable 
of dealing with the maximum flow be for the dry 
weather flow, it follows that it will receive twice the 
aeration period in its transit through the tank that it 
n 


The “fill and draw ”’ method of the activated sludge 
process showed that adequate activity of the sludge 
could be maintained by intermittent aeration, provided 
the period of rest was kept within certain limits. Two 
hours seemed to be quite a practicable interval. By the 
arrangement which tes been described, advant: may 
be taken of this circumstance to employ one-half of the 
tank at a time for the dry weather iw, alternating the 
two halves at short intervals, of, say, half an hour or less. 
This can be easily effected by carrying a se te air 
main from the compressor to each half of the tank, and 
controlling them by a three-way valve. This might 
be operated either by hand or automatically through an 
electric motor by a timing arrangement. If the latter 
be adopted, the intervals of change might be made still 
shorter. This principle might be extended to omegting 
the consumption of air to variations due to a day an 
night flow. 

The total area of diffusers, each of which is 15 in. 
square, is 220 sq. ft., being one twenty-ninth of the 
water area, With an initial pressure of 9 lb. per sq. in. 
the consumption of air with this area of diffusers would 
be 0.22 cub. ft. per gallon of sewage treated. The 
consumption of electricity for the air supply would be 
about 174 units, which at jd. per unit amounts to 
10s. 8d. per 1,000,000 gallons for the dry weather flow, 
and less for the wet weather flow. 

These yee are based upon an aeration period of six 
hours. If hours’ aeration suffice, which is frequently 
found to be the case, then the method of alternate 
working of the two halves of the tank previously men- 
tioned might be adopted. In that case the cost of the 
air supply would be reduced to 5s. 4d. per 1,000,000 
gallons. These costs would, of course, be further reduced 
in the proportion in which the power production costs 
may be diminished. 

or large installations probably the steam turbine 
riving a turbine air compressor would prove the most 
economical. In other instances high-compression types 
of oil engines or suction gas-producer sets would have the 
advantage. 

Having regard to the comparatively small capital 
outlay involved in installing a fully-equipped plant for 
the process, the author believes that no other method of 
sewage purification will for economy approach that of 
the activated sludge process, and from the point of view 





of freedom from the risk of nuisance is probably not 
equalled, and certainly is not surpassed. To give any 
period of aeration that may be determined upon, 25 per 
cent. should be added to the net capacity of the tank 
which would provide that period, in order to allow for 
the volume of sludge present, upon which the purification 
mainly depends. 

The quantity of wet sludge is, in this scheme, assumed 
to be 25 per cent. of the total volume. This quantity 
opens d takes from two to three months to accumulate. 

e aerated liquid, mixed with its full complement of 
suspended sludge, passes into the settling tank through 
a number of openings in the portion of the wall situated 
between the two rapidly-moving belts of water. This 
arrangement has the effect of giving a slow forward 
movement to the entire mass of liquid in the tank, 
thereby ensuring the maximum settlement of the sludge. 
The latter is drawn away through the perforations into 
the horizontal limb of the siphon, and discha: into 
the sludge channel, which conveys it to a well, from 
which it is lifted by an air sludge lift into the pumping 
main conveying the raw sewage, with which it gets 
intimately mixed and returned to the aeration tank. 

The author has designed a sludge lift which possesses 
the advantage of avoiding the semi-intermittent pulsating 
action common to air lifts, and also of indicating the 
density of the sludge lifted. This latter is important, 
because while it is imperative that all the slu should 
as rapidly as possible be removed from the settling tank, 
it should, for economical reasons, be accompanied by a 
minimum quantity of free water. The device enables 
the density to be kept under easy observation, and 
consequently the proper quantity of air required for 
lifting the sludge readily ascertained and controlled, 

At the opposite end of the sludge channel to that of the 
well a valve is provided for drawing off the excess slud, 
for disposal. This is conveyed through a drain to the 
rying beds. A settlement period of about two hours 
seems to be sufficient in most cases. The drawing shows 
a part of a tank of a capacity equal to three hours’ dry 
weather flow of 2,000,000 gallons per day, and would 

ive one hour for three times the dry weather flow. 
ether this would suffice for the wet weather flow would 
largely depend upon the size and character of the stream 
into which the effluent would be discharged. The above 
arrang’ t that the sewage has been pre- 
viously efficiently screened and freed from detritus. 








Tue Mrvgerat Resources oF Great Brirarn.—The 
Board of Agriculture and Fisheries desires to give notice 
of the publication of a second edition of Vol. IV of the 
Special Reports on the Mineral Resources of Great 
Britain, which have been prepared by the director of the 

ecological survey in response to numerous inquiries that 
fave arisen through the conditions brought about by the 
war. In the main it is a reprint of the first edition, 
wherein the properties, sources and uses of fluorspar, 
and details of all workings in Britain, active and inactive, 
are given. Its price is 9d. Copies may be obtained 
through any bookseller from Messrs. T. Fisher Unwin, 
Limited, 1, Adelphi-terrace, London, W.C. 2, who are 
the sole wholesale agents to the trade outside the County 
of London; or from the Director-General, Ordnance 
Survey Office, Southampton. 





Tae RaItways AND THE Coat Famine.—The shortage 
of fuel and its excessive cost are making themselves 
more and more felt in almost every country. The revenue 
is suffering greatly and the service generally is much 
impeded. Both in Sweden and Denmark a number of 
trains, more ially fast trains, have been discon- 
tinued ; in the latter country, for instance, the number 
of daily passenger trains has been reduced to less than 
half the normal, and fast or through trains are almost 
a thing of the past. As a result the trains are often 
overcrowded and unable to keep time. In Sweden the 
Board of the State Railways has just decided to propose 
a rise of at least 40 per cent. in the present goods tariff 
and a rise of 20 per cent. to 25 per cent. in the passenger 
tariff. The working ex ave i d to such an 
extent that the proposed rise in the rates has been found 
necessary in order to enable the State Railways to yield 
the calculated surplus of 21,000,000 kronor for the 
current year. The new rates will probably come into 
operation very shortly. 








Tae PENNSYLVANIA RAILROAD AND THE War.— 
Mr. George D. Dixon, vice-president in charge of traffic 
of the Pennsylvania Railroad Company, has announced 
that in order to conform with the recommendations of 
the Railroads War Board, issued from Washington, 
D.C., and calling upon all lines to readjust their services 
with a view to conserving fuel supply and increasing 
capacity for moving coal, food, Government materials 
and troops, the Pennsylvania Railroad will, in the near 
future, put into effect a general and quite extensive 
revision of its passenger train schedules. The final 
details are being wor out, and will be announced to 
the public promptly upon completion. The company 
will endeavour to accomplish this purpose in the following 
ways :—(1) By consolidating passenger trains wherever 
practicable, thus making one train unit serve the purpose 
of two or more; (2) py the entire elimination, in some 
cases, of trains on which the patronage is very small ; 
(3) by reducing the number of restaurant cars, and in no 
case operating more than one restaurant car on a train ; 
(4) by reducing the number of parlour and sleeping cars, 
and by decreasing or possibly discontinuing, the use of 
club and observation cars. The company expects 
through means, to cut down the movement of 

trains, on its lines east of Pittsburgh, by « 
total of about 6,000 train-miles per day. 
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ELECTRICAL APPARATUS. 


104,426. Sir W. G. Armstrong, Whitworth and Co., 
Limited, and W. H. yom oe J. H. Thain, 
Newcastle-on-Tyne. (5 Figs.) y Switches. May 19, 
1916.—This invention relates to a step-by-step quick make-and- 
break rotary switch in which a number of contacts are ar 

round a circular arc and the switch is actuated by a handle and 
a brush holder is mounted loosely on the axis of the handle and 
is connected to it by a spring. eans are provided for preventing 
any movement of the brush holder until the handle has been 
moved a step, whereupon the holder is released and the spring 
causes it to resume its normal position relatively to the handle. 
According to this invention, such means consists of a spring- 
controlled rod capable of sliding in guides upon the brush holder 
and having at its outer end a projection or roller which normally 
rests in one of the notches of a circular arc until released by the 
action of an arm on the handle. 6 is the operating handle. 
60 is an arm with double ends. 8 is a holder carrying three 
brushes engaging with contacts 9, the holder 8 ae connected 
to the handle 6 by a spring 81. On the holder 8 is a rod 82 
slidable in guides and having‘at its outer end a crosshead with 
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rollers mounted upon it, the whole being kept in position by a 
spring mounted upon the rod 82. One roller normally rests in 
one of the notches in a circular arc 10, which notches correspond 
to the positions required, The arm 60 has ~~ it projections 
61, 61 for engaging with the holder 8 as it begins to move in 
either direction, thus giving it a itive movement. Upon the 
handle 6 is a toothed sector 62, and a lever 11 is pivoted and acted 
upon by a spring 111 so that a roller at the end of the lever enters 
a recess between the teeth of the sector 62, thus ensuring that a 
definite step-by-step motion is given to the handle 6. To operate 
the switch, the operating handle 6 is moved a step, that is from 
the position shown in Fig. 1 in a clockwise direction to that 
shown in Fig. 2; by this movement the spring 81 is extended 
and the arm 60 is moved so that it acts on one of the rollers of 
the crosshead and lifts the crosshead against its ones until the 
other roller is out of its notch in the arc 10. The holder 8 being 
released, is quickly moved by the action of the spring 81, and the 
last-mentioned roller then enters the adjacent notch; at the 
moment that the last-mentioned roller leaves the first-mentioned 
notch the projection 61 on the arm 60 engages with the holder 8, 
giving it a positive movement. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


105,583. L.H. Pomeroy, and Vauxhall Motors, Limited, 
Luton. Crankshafts. Figs.) March 21, 1916.—The 
invention consists in a solid crankshaft in which the pin or other 
journals work with separable bearings having hardened steel 
internal surfaces which co-act with journal surfaces formed of a 
layer of bearing metal adhering to the actual material of the 
shaft. The invention further consists in a separable steel 
connecting-rod end having a hardened inter surface for 
co-operating with a crankshaft journal formed of bearing metal 
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in the manner indicated in the preceding paragraph. A shaft a 
is only made of such dimensions in the crank-pin al and other 
parts as may be necessary to render the shaft capable of with- 
standing the bending and torsional stresses to which it is subjected 
irres ve of the increases necessary for eliminating torsional 
vibrations in multi-throw or extended shafts. A owe b of 
phosphor-bronze, having at each end projecting flanges c, ¢ of 


being suitably machined to the desired dimensions. The 

rod ¢ and its cap f are constructed of case-hardenin; 
steel, which is suitably hardened wu the internal surface g o 
the bearing, and thus provides the desired combination of 
phosphor-bronze or other bearing metal and hardened steel 
co-acting with one another. (Accepted May 2, 1917.) 


104,465. G. K. Davis, Manchester. Gas Washers. 
(1 Fig.) August 23, 1916.—The object of the invention is to 
provide improved means for preventing the leakage of liquid 
around the fanner shaft b, and to this end the invention consists 
in the provision, in connection with the fanner shaft b, within the 
washer, of a centrif device in the form of a disc e, which 
throws off the liquid adjacent to the side of the apparatus 


Vk 


UNN 


(evses SS 


wy ¢ which the shaft passes, in combination with a grooved 
boss @ on the side of the apparatus through which the shaft 
projects, the said disc being almost in contact with the boss and 
partly encircling the same. It is found that the use of such an 
arrangement effectively prevents the leakage of liquid to the 
outside of the apparatus, and is particularly advantageous when 
used with apparatus for the dearsenication of sulphuric acid. 
(Sealed.) 

104,493. F.H. Royce, and Rolls-Royce, Limited, Derby. 
Internal Combustion Engines. (1 Fig.) January 2, 1917. 
This invention relates to means for driving the camshafts of 
internal combustion engines from the flywheel end of the crank- 
shaft. The engine crankshaft at the rear journal is made hollow, 
and fitting co-axial therewith is a shaft provided with flanges 














towards its rear end for the purpose of carrying the flywheel 
and the timing gear wheel. The cran 1 is bored taper 
thro its rear journal to accommodate a shaft 2. The shaft 2 
is provided with flanges 5 and 6, to which the flywheel and the 
timing gear wheel 7 are respectively secured. The wheel 7 drives 
the cams! 8 through the medium of the gear wheel 9. 


(Sealed.) 

104,761. Leyland Motors (1914), Limited, and A. Fer- 
ee. Leyland. Internal Combustion Engines. (3 Figs.) 

rch 29, 1916.—This invention relates to multi-cylinder internal 
combustion engines of the kind having a central cylinder and two 
lateral cylinders, the pistons of the three cylinders operating a 
common crank. A multi-cylinder engine, in accordance with 
this invention, comprises a central cylinder a and two lateral 
cylinders b, ¢, arranged one at either side of the central cylinder, 
and at angles of 40 deg. thereto, and a single centrally-disposed 
crankshaft d having a single crank. The connecting rod of the 


piston of the central cylinder is connected directly to the pin of | 
the crank, and the rods of the roe of the two lateral cylinders 

are articulated on the big end of the rod of the piston of the 
central cylinder. The valves of the cylinders are operated from 
two camshafts e,f arranged between the central cylinder and the 
lateral cylinders, within the crank case, one shaft f serving to 
operate the valves of the central cylinder and one of the lateral 





suitable dimensions for forming abutments for the end surfaces d 
of the connecting-rod bearings, is cast upon the surfaces of the 
crank-pin journals, the rubbing surfaces of the liner and flanges 


rs and the other shaft ¢ serving to operate the other 


for each cylinder, and in such cases the three magnetos will be 
arranged concentrically around the crankshaft and driven there- 
from by suitable gearing. Cooling may be effected by two 
circulating pumps, which may be mounted on, or in line with, the 
camshafts and be driven direct therefrom by suitable clutches, or 
a single pump, which may be driven direct from one end of the 
crankshaft, may be employed. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


104,478. Albion Motor Car Company, Limited, and 
T. B. Murray, Scotstoun. Friction Clutches. (4 Figs.) 
November 3, 1916.—The invention relates to friction clutches in 
which there are two or more members rotating together, but 
relatively endwise movable for engagement and disen ment, 
and has for its object to provide between these a connecting means 
adequate to transmit the drive and at the same time sufficiently 
flexible in axial direction to permit of an easy engagement and 
disen; ment of the parts. A device for this purpose made 
according to the invention consists essentially of two stellate 
annuli of thin and flexible material, the annular parts being 


radially narrow. The apices of the stellations ma roj 
either radially outwards or radially inwards, and m4 pa ame 
together by rivets or other convenient means. The ring parts 
formed by the adjoining bases of the stellations are secured the 
one to one member of the clutch, the other to the other member. 
The example of device shown in Figs. 1 and 2 consists of two 
stellate annuli, the stellations A of which extend radially outwards 
and are secured together at their apices by rivets B. In Fig. 2 
one of the annuli of Fig. 1 is secured by a riveted ring E to the 
moving driving member F of the clutch. while the other annulus 
is similarly secured by a ring G to the cover-plate H of the other 
and non-moving driving member J of the clutch. (Sealed.) 


MINING, METALLURGY AND METAL WORKING. 


105,731. Alldays and Onions Pneumatic Engineerin 
Company, Limited, Birmingham, and R. R. — 
Lincoln. Metal Plate Working and Heating. (2 Figs.) 
December 27, 1916.— The invention consists in apparatus 
for heating and working metal plates, the apparatus being 
especially useful for heating and working metal plates or discs, 
such, for example, as boiler ends, preparatory to flanging the 
same. According to the invention, one or more gaseous fuel 
burners i are fitted in a box-like firebrick or firebrick-lined 
chamber a having a curved figure in plan and a slot in the curved 
or concave front face, so as to permit the edges of the circular 
plate or disc r to be heated to be passed through the said chamber 








by rotating the plate or disc. The top a‘ of the chamber is 
hinged, and the chamber may be fitted with a waste flue a2, 
whereby the waste heat and products of combustion may be 
conducted to a retort chamber a, through which passes the Pipe ec 
in which the liquid fuel for the furnace is vaporised or gasified, 
and in which the air to be mixed and burned with the vaporised 
or gasified liquid fuel is previously heated. It is preferred to 
employ, in combination with the apparatus described, a sectional 
press, that is to say, a press capable of operating on successive 
portions of the edge of the plate or disc under treatment as the 
same emerges from the box-like chamber or furnace, (Accepted 
May 2, 1917.) 
Sir W. G. Armstrong, Whitworth and Co., 
and H. H. Ashdown, Newcastle-upon-Tyne. 
Casting Steel Ingots. (2 Figs.) April 20, 1916.—This inven- 
tion relates to the casting of ingots of large size. According to 
this invention, ingots of large size are cast in a mould having a 
cooling medium circulating in its walls in such a manner that 
the sides of the ingot are quickly cooled and the segregates are 
driven into the centre of the ingot. A is a mould having a 




















i 


bottom plate B, and in the mould and plate are pipes D for the 
circulation of the cooling medium, the supply to the various pipes 
potas —— ae — 5 f we + J coolin; t 7-3 = 

8c! rom pi pes F. e metal is e 
mould ugh a fecding head C of usual construction. In 
casting the ingot, the metal is poured through the feeding head C, 








cylinde: 
' lateral cylinder. Ignition may be effe in all the cylinders by a 
single magneto, but itis preferred toemploy a separate magneto 


and the cocks E are opened as the metal rises in the mould, the 
central portion of the ingot ae kept liquid until the last by 
the metal in the feeding head. (Accepted May 2, 1916.) 











